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FEAR, FRUSTRATION, AND FUTILITY: THE INDUSTRIAL ASPECT 


RUTHERFORD T. JOHNSTONE, M.D. 
LOS ANGELES 


AX THE title of this paper intimates, | have been assigned the task of assaying 
the aspects of tension as they exist within the occupational environment. 
Obviously, the atmosphere in which man works is polluted by the contaminants 
stemming from international and national unrest. These I explored more completely 
in the Sommer Memorial Lectures given in Portland, Ore., in October, 1952. Today 
the time limitation placed on this paper forbids any detailed consideration of the 
various phases of world unrest about which the voices of education, religion, 
philosophy, and the social sciences have ventured opinion as to cause and cure. | 
can refer to these only briefly in order to set the scene for this discussion. 
Yesterday the new President of the United States took office after a delay of 
two months from the time he was elected. At one time, the interval between election 
and inauguration was four months. Few people realize that the original Constitu- 
tion allowed for the fact that, after settling his personal affairs, the President-elect 
might have to travel a great distance to get to Washington. Today one can reach 

Washington in a few hours from anywhere in America. I can leave Chicago at 
dinner time tonight and be in my home in California at midnight. You, in Chicago, 
can go to London or Paris in less time than it took your grandfather to go to 
Kansas City. 

Equally significant with the speed of travel is the fact that news is communicated 
a greater number of persons today than it was in the past. One does not have to 
be able to read to be affected or influenced by the news. The masses have ears and 
even in the far outposts of civilization they hear news over the radio which is invari- 
ably disturbing. Some act or action on the part of the British Parliament or the 
American Congress will find a resentful, milling crowd on the streets of Cairo or 
Calcutta within minutes after the act or action has occurred. The geography of the 
world has shrunk, and with this shrinkage there has come a change in the scale of 
human affairs. All countries of the world are now neighbors, albeit not neighborly. 


t 


Seven years ago, the bomb which fell on Hiroshima caused the world to shudder. 
After recovering from the first shock, the little people of the world hoped that the 
minds which governed them would establish the means for permanent peace and 
would make this evident to these little people. But instead international relations 
became worse. Within recent months came the news of the actuality of the H-bomb 
which has reduced the atomic bomb to a .22 caliber rifle alongside of a large cannon. 


Read before the Congress on Industrial Health, American Medical Association, Chicago, 
Jan. 21, 1953. 
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But the news of its explosion was a one-day story. As Norman Cousins wrote in 
the Saturday Review of Literature : 

Is there anything more appalling than the fact that the most significant event in human history 
should fail to ignite human thought? The device makes it possible to expunge in a fraction of a 
second what it has taken 2,000 years to put together piece by piece. It is presented against a 
background of lit fuses and supercharged tensions. Yet nothing explodes in our minds. It is a 


new bomb but it is the same world. The bomb is merely another lump in a continuing crisis ; 
we swallow hard and go on. 


In this continuing crisis, our diplomats have devoted most of their time in an 
attempt to contain communism. Yet Russia and the United States together account 
for less than one-sixth of the world’s population. The plight of the remaining five- 
sixths is accorded only passing thought. We are not acutely aware that there is now 
going on the first world-wide revolution that history records. This is not because 
the people of the world are trying to choose between communism and democracy. 
It is because of poverty, misery, malnutrition, and disease. Modern technology has 
communicated to these people that there is a better way of life and that, to a large 
extent, their plight has resulted from injustice. Communism offers them a false 
hope, but certainly democracy is vaguely defined in the minds of those with empty, 
distended bellies. There has been too much striped-pants-and-gardenia diplomacy 
in our foreign affairs. 


Our present swift method of communication likewise transmits to us the seething 
tension occurring in far-off areas. We in America are made conscious of the possi- 
bility that at any moment an outbreak involving the entire world may occur among 
people once considered so primitive that they misbehaved only by carrying on some 


trivial tribal war. There was a time when a social, religious, or economic crisis in 
some distant portion of the world caused no fear or frustration within us, because 
by the time the news reached us the impact of its importance had been spent. Today, 
practically no American is unaware of a degree of futility in his pursuit of a happy 
life. 

Turning to the causes of fear, frustration, and futility within our own national 
climate, we find an unbearable similarity. Race, creed, and color are set against 
race, creed, and color. By recalling a fairly tranquil period in American society, I 
can condense into a few lines a scenario which you can enlarge upon to complete 
the entire sociological picture. During my days in public school, a Negro classmate 
of mine came home with me almost daily to play in our yard, and it was not uncom- 
mon for him to eat lunch with us. A high-school sweetheart of mine was Jewish; 
yet, my parents never for an instant made me conscious of any difference. I also 
recall that for a brief span of years our family was sufficiently affluent to have a 
“washwoman” come to the house once a week. She too ate her noonday meal with 
us, but before we Protestant children were allowed to reach for the food, she would 
say her Catholic blessing. For the great majority of people, those were tensionless 
days. 

Some of you may oppose my opinion by contending that there were more 
lynchings then, that poverty was more prevalent, and that labor was more abused. 
While you may be correct, I still contend that there was less tension. In the tranquil 
period to which | refer, the common man found peace of soul in his religion, his 
Bible, and a few good books. The primary social center for the majority was the 
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church and for the minority the saloon, which was not an unhappy meeting place. 
Today, the church is a much colder edifice, and the saloon has given way to a 
Martini filling station. 

Today, the raucous voice of the radio or of the flickering television enters 
millions of homes. To one good play or comedy, there are 20 programs bringing a 
theme of unhappiness. Countless friends of mine in all walks of life who were once 
the essence of optimism can now hardly wait each day to turn on the 6 o’clock news. 
What they hear has changed them into pessimists. To reiterate, at a former time 
there may have been as many causes existing to cause tension; but the absence of 
present-day communication did not give them significance, nor were they augmented 
by the national and international factors of conflict. 

I have reached a point in this discourse where it should be apparent that even 
if Utopia existed within the four walls of industry and if all industrial relations were 
perfect and pacific the worker would, nevertheless, walk into the plant each day 
worried over situations created outside his plant. For instance, it is not the employ- 
er’s fault or even his desire to deduct the various withholding items from the 
worker’s wage. Likewise, not all workers fully understand this system. The other 
day a Negro patient of mine remarked: “Doctor, this here deducten from my pay 
is frustraten. My wife had another baby last month, and now it’s even more 
frustraten.” This is perhaps a minor cause, but still a cause, for a feeling of futility. 
Or, to cite another case, | know of a Chinese girl who until recently was a happy 
and efficient accountant. But within recent weeks she has become depressed and 
careless and has made several costly errors—all because of fear that her brother in 
China has joined the Reds. So it is true that the worker carries into the plant not 
only his lunch pail but too often his anxiety. 

What are the problems existing within the working climate? The obvious ones 
have been spelled out for you many times in various ways by many persons. Reams 
have been written about the intolerant foreman, the labor agitator, dirty rest rooms, 
long hours, low wages, and so ad infinitum. This audience does not need to have 
these rehashed. Ever since the Hawthorne experiment, industry has had an influx 
of do-gooders, psychiatrists, and those tutored in industrial relations. I do not 
deprecate such nor minimize their importance, but | should like to stress one fact 
which I hope will be given some thought. I feel certain that much of the industrial 
relations program has come into being and has been relegated to that department 
because the physician has fallen down on his job. I could point to some physicians 
in this audience who were doing a good job of industrial relations before that term 
was coined. They took the time to practice an intimate patient-physician type of 
medicine. They were practicing good industrial relations, because they were near to 
the hearts of men. 

Likewise, you need not be told that fear, frustration, and especially futility fre- 
quently arise from the feeling of utter helplessness that the individual worker has 
when management and labor leaders enter a prolonged period of stubbornness—a 
needless calamity known as a strike. Strikes were born of a necessity and at a time 
when labor had no other recourse. But today there are methods and means of 
settling differences without suspending the very activities upon which all concerned 
are dependent for their living. Furthermore, the average worker is more intelligent 


gs 

4 

a 
= 


394 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


and more advanced in his thinking than the worker of several decades ago. He is 
fully cognizant that methods are available to settle disputes and that rarely, if ever, 
is a strike justified. 

However, this and other allied problems are beyond the scope of this paper. It 
is concerned, first, with the physician, in or out of industry, who unwittingly is 
often a source of tension. 

The two most prevalent errors which we physicians commit are (1) attempting 
to carry a too-crowded schedule and (2) failing to visualize all facets of what is 


termed work and thereby arriving at an erroneous diagnosis. Let me illustrate the 
latter point first. 


A man with siderosis had been informed that he had silicosis. Being both 
intelligent and concerned, he read all he could find on the subject, which only served 
to increase his fear and frustration. A permanent disability award from the Indus- 
trial Accident Commission did not lessen his mental torture. When eventually seen 
by me, I was able to prove that he did not have silicosis and was also able to have 
the award rescinded. In face of that, he was the most grateful man I ever saw leaving 
a hearing room. 


A young unmarried woman had a cessation of her menses. Her stepmother 
suspected that the girl had been promiscuous and let the neighbors know of her sus- 
picions. The family physician admitted the possibility of pregnancy but advised a 
waiting period before coming to any conclusions. After an embarrassing lapse of 
time and some weeks of living under a cloud, the girl was taken to an obstetrician, 
who found no pregnancy but did find her markedly anemic. Despite intense therapy, 
she continued to get worse and finally had to stop work. At that point, she was 


teferred to me for termination-of-employment examination. For the first time, she 
was asked about the details of her occupation. She described a procedure of painting 
the bottom of a rubber cup and then inserting it in another rubber cup. The solution 
was in an open container on her bench almost nose high, and she thought it was 
called a “sealer.” Further query revealed that this patient had been exposed to 
benzene for nearly a year. Here we have an example of a worker suffering from a 
disease for many months, the cause of which was not recognized because no one 
was sufficiently interested to ask her about her job. It would be a marvelous aid to 
the advancement of diagnosis in medicine if every worker entered the physician’s 
office in his working clothes, instead of his “Sunday-go-to-meeting suit,” bearing 
a card stating: “Doctor, I am a working man. Will you please consider all aspects 
of what that term implies in arriving at a diagnosis of my trouble?” 

A moment ago, I mentioned the harm inherent in an overcrowded practice. How 
that problem can be solved in general medicine is outside this discussion. In indus- 
trial medicine, the solution is to provide more physicians per capita in the plant or 
the industrial community. For some years intelligent management has agreed that 
a good industrial health program increases productivity. If increased productivity 
is the goal and if more lathes, degreasers, or grinders will further increase pro- 
ductivity, then also will more physicians within the plant or serving the plant. 
Admittedly, we do not have enough physicians trained in this type of medicine. But 
how many in this audience were so trained before their entrance into this field ? 

Furthermore, our medical schools could train more men, attract more students 
to this field, and carry on a qualified postgraduate course in industrial medicine if 
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big industry would divert some of its money now spent in the field of advertising 
to medicine and specifically to the field of medicine most apt to aid industry. We 
know that several large corporations have done this, but there are not enough, and 
I feel certain that most of them have not been properly approached in this regard. 

To continue pointing the accusing finger, we have permitted the practice of 
industrial medicine to become integrated with the business of management. It is the 
usual policy of large industries to employ an exceedingly able medical director whose 
office is far from the scene of work. Under him are a number of physicians who 
punch the clock, instruct a nurse as to treatment, spend hours filling out forms, make 
certain that their various acts conform to company policy, and, if they have an odd 
moment, study the latest agreement in wage stabilization. Maybe once a week, these 
physicians, along with the medical director, will meet in the office of the industrial 
relations manager to be told of new requirements or of the discontinuance of certain 
procedures. But is that practicing medicine? If management feels that it is neces- 
sary for a physician to engage in the aforementioned procedures, then let manage- 
ment employ additional physicians who do nothing but practice medicine and are 
given sufficient time to get close to the multiple problems that the worker would 
like to discuss with the one man he should feel he can trust. Let the industrial 
relations department promote its welfare program, but also let industrial relations 
permit the physician to practice medicine. In making this criticism, I have not 
diverted from the theme of this thesis. My point is that the physician cannot relieve 
tension if he has no time to associate with the workers. These workers expect to 
find surcease from trouble in the attentive ear of a warm-hearted physician who is 
not himself frustrated by forms and administrative duties. 

Likewise, my contention is not to be construed as a condemnation of the rightful 
place fulfilled by industrial relations. Whenever I get discouraged over the progress 
of human affairs in industry, I visit the Northrop Aircraft Company. Not only does 
this company provide—shall we call it extracurricular activity—but it does it with- 
out the least semblance of paternalism. 

This induces a comment about possible undesirable results from the five-day 
working week. Considerable stress is being placed on the need for the executive 
or the elderly worker to prepare for retirement, because the idleness following 
retirement leads to mental and physical degeneration. But what about the leisure 
time extending from Friday afternoon until Monday morning which the young 
unmarried worker finds on his or her hands? As Dr. Ed Luongo recently wrote: 
“A poison can be defined as too much. It can be too much work or too much play. 
Many employees report to the medical department with ailments caused by imbal- 
ance in their daily lives. If good use is made of leisure time, many ill effects of 
tension can be prevented.” 

Many of these young workers are recently returned veterans. They are inclined 
to seek the same outlet which they found pleasurable in the Service, namely, drink- 
ing. Their personal affairs over the weekend are not the concern of industry, but 
the result of too much drinking is. If you doubt this, read the article in the January 
issue of Industrial Medicine and Surgery by Dr. George Wilkins.’ 


1. Wilkins, G. F.: Industry’s Stake in Rehabilitation of Problem Drinkers, Indust. Med. 
22:29-33 (Jan.) 1953. 
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Welfare activities sponsored by industry are too frequently designed for workers 
who have a family. I have never read or heard of any industrial relations department 
making a special effort to provide a week-end outlet for the young single worker. 
Such would certainly serve as a useful part of prevention in the program of alcohol- 
ism in industry. It would alleviate the frustration in the youthful worker with 
leisure time on his hands who is presently turning to alcohol, heroin, or marijuana. 
Maybe some of you medical directors or industrial physicians do not feel that this 
is a problem, but it is in our part of the country. It is a medical problem, but its 
solution requires the combined efforts of the medical and the industrial relations 
departments. 

The preemployment examination is quite often a cause of fear, frustration, and, 
most certainly, a sense of futility. I know of a mechanic who has been refused 
employment by various industries for the past four months on the basis of a moder- 
ately elevated blood pressure. He is a victim of circumstances not of his own doing. 
Nor can he justifiably blame management. Labor has insisted on the broadest 
interpretation of the Workmen’s Compensation law. Undoubtedly, in a spirit of 
trying to secure the greatest benefits for the working man, labor has unwittingly 
placed itself in a position similar to the Australian who tried to throw away his 
boomerang. 

I examined a young Mexican the other day who had a potential hernia. He told 
me that it was the sixth job for which he had applied. But we all know that if he 
sneezes on the job and an actual hernia develops he will be awarded compensation 
and medical treatment by almost any Industrial Accident Commission. It matters 
not which side one takes in this issue; the fact remains that the individual worker 
is subjected to another cause of tension within industry. 


A related problem entails the rules and regulations governing the company 
“benefit plans.” Let me illustrate one aspect of tension within that allegedly bene- 
ficial program. Because of his wife’s ill health, a young air-conditioning engineer 
was advised to take his family West. Before he did so, he thought he was making 
his security secure by obtaining a position with a Los Angeles firm. He then moved 
his family to that most delightful paradise in America! Aiter eight months of work, 
a cancer of the testicle developed. This was removed, but the company would not 
reemploy him because its employee benefit regulations state that any one in whom 
a disease develops within the first year of employment and in whom said disease 
might eventually result in a permanent disabling illness forfeits his right to return 
to work for that company. In other words, his case came under the disbarment 
regulation. Here again it is not my prerogative to argue the rightness or the wrong- 
ness of the company’s rule. But in the spirit of the title of my paper, I can only 
remark with my Negro friend, “It’s frustraten.” 

In closing, I hope that I have stepped on the right toes. Since I am a consultant 
to both industry and labor and am on the payroll of neither, I can appreciate all 
angles of the worker's position. In previous papers on this subject, I have been 
somewhat more philosophical and considered the religious, cultural, and ethnic 
source of tension within an industrial society. But a recent survey of mine has con- 
vinced me that in searching for certain beautiful ideals on a distant horizon we are 
overlooking very practical and disturbing weeds in our own front yard. 
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The achievements of industrial medicine in the past quarter of a century need 
not be extolled. A study of the projects carried out by the Council on Industrial 
Health of the American Medical Association or a glance at the activities of the 
Industrial Medical Association, the American Academy of Occupational Medicine, 
the American Industrial Hygiene Association, the Occupational Division of the 
United States Public Health Service, and the American Industrial Nurses Associ- 
ation bear witness to our progress and our concern about the workers’ health. No 
other field offers a greater opportunity for preventive medicine. 

In recent years, certain research projects involving occupational cancer or noise, 
to name two, have assumed such a magnitude as to cause our forebears in this field 
to roll over in their graves in astonishment. All such and similar projects have our 
approval. We must not cease our efforts along these lines. 

But in keeping with my thesis, I should like to point out that for every worker 
in whom occupational disease develops there are a thousand in whom develop fear, 
frustration, and futility born out of stupidity in human relations. Have I any sug- 
gestions? I have. Of course, I am confining such to the situation within the climate 
of industry and not within the national or international climate. 

First, let all of us be big enough to admit that the source of fear, frustration, and 
futility within industry is tripartite, namely, medicine, management, and labor. As 
for the medical responsibility in this situation, let us start with the undergraduate or 
postgraduate student preparing to enter industrial medicine. Let us teach him more 
about human relations and that he needs to know as much about emotions as he does 
about drugs or microbes. In our teaching, let us impress upon him that he needs 
to know more about common problems of the worker than he does about forms, 
figures, and laws. Let us embue in him the fact that he is going to work for work- 
ingmen, not for a company or a union—all this despite the present prevailing 
philosophy. But let us not stop there. Once the newly tutored physician enters the 
company plant, the medical director has a responsibility to see that these ideals are 
continued. This is not asking too much. On the contrary, it would be the final step 
in fulfillment of the responsibility of medicine in this problem. Every medical 
director has a great opportunity to be a teacher, and he should consider his plant a 
teaching ward. 


The therapy which management and labor could jointly apply is obvious and was 
included earlier in this paper. If labor is sincere in fighting for the welfare of its 
membership, then it will have to be more realistic in its approach to such problems. 
Over the years, labor has insisted upon increasingly broader interpretation of the 
Workmen’s Compensation Act. Granting the rightness of this in some instances, it 
must also be admitted that certain changes which seemingly benefit the mass also 
result in injustice to an individual worker. A demand or bargaining victory for a 
principle that applies to 50,000 members may seem beneficial to a large group, but 
if it works hardship on an individual then there should be some means of acknowl- 
edging the exception to these regulations. 

No less faulty is management in its immaturity. Admittedly, it is itself frustrated 
by legal restrictions and governmental intervention. Its attitude on hiring or 
reemploying workers with certain physical defects is not in keeping with the spirit 
of rehabilitation. Too much emphasis has been placed on the cost to industry if 
any one of these workers incurs an illness or accident. But I doubt if statistics bear 
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out the validity of that contention. To what avail is it to talk about utilizing the 
handicapped worker if both labor and management insist on throwing up stupid road 
blocks—objections based upon consideration for the mass and not the individual ? 


Finally, a famous mathematician made a statement last week which caused 
editorial comment in the Los Angeles Times. This scientist stated that social 
organization and ethics have little effect on man’s history but that all progress is 
the result of technology. The editorial comment was that the mathematician was a 
man of science but it would make no difference if he were a plumber. 

The specialist in any branch of human endeavor invariably tends to discover that the whole of 
life revolves around his own particular field. The scientist or the technologist almost inevitably 
becomes convinced that every force in the world springs directly or indirectly from the par- 
ticular ditch of human knowledge in which he is digging. And the plumber, as is well known, 


judges civilization on the availability of hot and cold running water, and that in the face of the 
glories of ancient Greece. 


The fact of the matter is that neither pure science nor technology nor even 
plumbing can exist in a social vacuum. The social organization is the forerunner 
of them all, and that springs from the conscience of man himself. Progress (and by 
this we do not mean the manufacture of plastic buttons by scores of billions) springs 
from that yeasting inside of man which first sets him trying to define right and 
wrong, gives him a sense of responsibility toward his neighbor, and binds him into 
a community to whose laws he agrees to submit in the interest of his own freedom 
and security. 


When medicine, management, and labor can bring together mature minds to 
eradicate the evils in the industrial environment which I have mentioned, then much 


of the cause of fear, frustration, and futility will be removed from the daily life of 
the worker. To use Edward R. Murrow’s famous conclusion, “This I believe.” 
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TOXICITY OF MALATHON 


Summary of Mammalian Investigations 


LLOYD W. HAZLETON, Ph.D., 
AND 


EMILY G. HOLLAND, B.S. 
FALLS CHURCH, VA. 


ALATHON is the common name selected for the insecticide O,O-dimethyl 

dithiophosphate of diethyl mercaptosuccinate. This material has previously 
been designated as S-(1,2-dicarbethoxyethyl) O,O-dimethyl dithiophosphate and 
as Experimental Insecticide 4049. It has the following structural formula. 


CHp =C = OCoHe 


Malathon is a yellow-brown liquid with a high boiling point and a low vapor 
pressure. The specific gravity is 1.23 at 25 C. It is only slightly soluble in water 
but is miscible with many organic solvents. Malathon is quite stable when stored 
at room temperature in nonreactive containers. 

Entomological data indicate that malathon may find rather wide usage as an 
insecticide and that therefore there may be an appreciable human exposure. Under 
conditions of usage, these exposures may take the usual forms of oral, dermal, and 
inhalation contacts, with which the industrial hygienist is familiar. 

Malathon represents a selection based on a coordinated screening program in 
the laboratories of the American Cyanamid Company and Hazleton Laboratories. 
First screening was for insecticidal activity, and this was followed by toxicological 
investigations. Preliminary data suggested a wide variation between insect and 


From the Hazleton Laboratories. 
This study was supported in part by a grant from the American Cyanamid Company. 


Presented at the Los Angeles meeting of the American Industrial Hygiene Association, 
April, 1953. 


On March 27, 1953, the Interdepartmental Committee on Pest Control approved the name 
“Malathion” as a coined (generic) name for this chemical. 
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mammalian toxicity, and additional pharmacological and toxicological investigations 
were initiated. This review briefly summarizes the mammalian data, with the 
expectation that more detailed reports will be presented later. 

The principal pharmacological activity of malathon appears to be its anticholin- 
esterase property. Aside from the preliminary reports by Holland, Hazleton, and 
Hanzal,' by DuBois and Coon,’ and by Hagan,’ there appears to be no published 
pharmacological data on malathon. The technical bulletin of the manufacturer + 
presents the chemical and physical properties and usages as well as a review of 
pharmacology and toxicology based on laboratory reports. 


RESULTS OF TOXICOLOGICAL STUDIES 


Acute Administration—The acute oral toxicity of malathon for mammals 
appears to vary inversely with the degree of purity. Early samples of the technical 
material were 65 to 77% pure, while current material approximates 90%. 

The following Table summarizes the L.D.50’s calculated by the method of 
Litchfield and Wilcoxon * for various species of animals, with routes of adminis- 


Acute Toxicity of Malathon 


Dosaces 
Rats, Mice, 
Mg./Kg. Mg./Kg. 
Material, Route of “~ 
Grade Solvent Administration Male Female Male Female 
65% technical Propylene glycol Oral 369 739 1,260 1,158 
90% technical Propylene glycol Oral 1,156 
Vegetable oil Oral 48) 886 
25% wettable powder Oral Heads 1,025 
25% wettable powder Intraperitoneal 420 
Vegetable oil Intraperitoneal 474 
9 + % Vegetable oil Oral 1,845 Roleios 3,321 


tration, solvents, and purity of samples. The dilutions of the technical material and 
the dosages were based on volume and were converted to weight for the sake of 
comparison. The wettable powder was prepared by weight. 

These data indicate that rats are more susceptible than mice and that in either 
species the toxicity decreases with increased purity. Vegetable-oil solutions appear 
to facilitate gastrointestinal absorption, thereby increasing the toxicity of orally 
ingested malathon, since there is little difference between the intraperitoneal toxicity 
of the wettable powder and of the oil solution; each of these, in turn, approximates 
the oral toxicity of the oil solution. 


1. Holland, E. G.; Hazleton, L. W., and Hanzal, D. L.: Toxicity of Malathon (O,0- 
Dimethyl Dithiophosphate of Diethyl Mercaptosuccinate), Fed. Proc. 11:357, 1952. 

2. DuBois, K. P., and Coon, J. M.: Toxicology of Organic Phosphorus-Containing Insecti- 
cides to Mammals, A. M. A. Arch. Indust. Hyg. 6:9, 1952. 

3. Hagan, FE. C.: Acute Toxicity of O,O-Dimethyl Dithiophosphate of Diethyl Mercapto- 
succinate (4049), Fed. Proc. 12:327, 1953. 

4. Malathon Technical Bulletin No. 3, Pearl River, N. Y., American Cyanamid Company, 
1953. 

5. Litchfield, J. T., Jr., and Wilcoxon, F.: Simplified Method of Evaluating Dose-Effect 
Experiments, J. Pharmacol. & Exper. Therap. 96:99, 1949. 
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Regardless of technical grade, solvent, species, sex, or route of administration, 
the acute signs of toxicity are characteristic of the anticholinesterase activity. In 
rats, mice, guinea pigs, and dogs, salivation, depression, and tremors predominate. 
The signs are of short duration, and unless death occurs within a few hours recovery 
appears to be complete. This observation should be emphasized, for later studies 
indicate that cholinesterase inhibition endures far beyond any gross evidence of 
toxicity. 

Dermal Application—dAfter single exposures to dermally applied malathon, 
the toxicity is of a low order of magnitude. The 90% technical malathon was 
applied to the closely clipped abdomens of albino rabbits at various dosages. In 
each case the duration of the exposure under tight rubber coverings was 18 hours. 
At doses up to 4 ml./kg. under these conditions, there was no evidence of systemic 
toxicity suggestive of percutaneous absorption. The skin was slightly irritated 
during the application period, but it appeared normal within the next few days. 
After an observation period of seven days the animals were killed and at autopsy 
appeared normal. The same general picture was observed after application of the 
25% wettable powder and of various developmental emulsions. When the 18-hour 
exposure to the undiluted material was repeated daily, there was evidence of 
accumulative activity of the dermally applied technical malathon. At doses of 0.5 or 
1 ml. per kilogram daily, mortality occurred after about the fourth application. At 
doses of 2 ml. of the undiluted material per kilogram, mortality was observed after 
the second 18-hour exposure period. In each case the symptomatology was charac- 
teristic of cholinesterase inhibition. Gross autopsy after death revealed no character- 
istic pathology. 

In rabbits, after repeated dermal application of the 25% wettable powder and 
25% emulsion formula, the toxicity appears to be somewhat reduced, since the 
animals withstood more applications at a dosage equivalent to that of the undiluted 
technical material. The repeated applications in each case, however, did show 
evidence of systemic toxicity. 

Guinea pigs, in general, appear to be somewhat more resistant than rabbits 
after dermal application, but this difference is not sufficient to alter the general 
evaluation. 

It therefore appears that, while single exposures to malathon do not offer practi- 
cal hazards, the avoidance of repeated exposure is necessary. This undoubtedly 
involves progressive cholinesterase inhibition and should be evaluated in these terms. 

Anticholinesterase Activity.—In the studies briefly described above, a group 
of guinea pigs received the 90% technical malathon at a dosage of 1 ml./kg. applied 
dermally daily for a period of 10 days. Four of six animals survived through the 
10th daily application but were showing salivation, tremors, and other evidence 
of cholinesterase inhibition and were killed. Electrotitrimetric determination of 
the cholinesterase levels showed total inhibition of red blood cell cholinesterase and 
a plasma activity 26% of normal. 

To evaluate the rate of cholinesterase regeneration after dermal application of 
malathon to guinea pigs, groups of these animals received 12 daily applications of 
90% technical malathon in a dose of 1 ml. per kilogram or the equivalent dose of 
4 gm. of the 25% wettable powder per kilogram. A third group received a dose 
equivalent to a 3% dilution of an emulsion formula. At intervals of 2, 10, and 19 
days after the last dermal application, groups of guinea pigs were killed for deter- 
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mination of plasma, red blood cell, and brain cholinesterase. The results of these 
investigations indicate that the 3% emulsion produced no lowering of cholinesterase. 
After the administration of both the undiluted technical material and the wettable 
powder, plasma cholinesterase returned to normal within 10 to 19 days. Red blood 
cell and brain cholinesterase activity still showed some inhibition after the 19-day 
interval. 

A 50% ethanol solution, equivalent to 100 mg. of malathon per kilogram of body 
weight, was injected intravenously into a dog. This dose resulted in a sharp 
decline in plasma cholinesterase activity to almost zero and of red blood cell cholin- 
esterase to approximately 55%. These cholinesterase levels were accompained by 
almost immediate and very profuse salivation. One-half hour after the malathon 
dose had been given, 1 mg. of atropine sulfate per kilogram was administered intra- 
muscularly, and the signs of parasympathetic activity subsided. Four hours after the 
first dose, during which time the dog appeared normal, a second dose of 100 mg. of 
malathon per kilogram was injected intravenously. This dose was again followed 
by profuse salivation and marked tremors. An intramuscular injection of 1 mg. of 
atropine sulfate per kilogram reduced the salivation, but fine tremors and rapid 
breathing continued. 

After intraperitoneal injection of a propylene glycol solution of malathon to 
male albino rats, the cholinesterase activity of red blood cells, plasma, and brain 
was determined at various intervals. The dose was uniformly 300 mg./kg. Red 
blood cells showed maximum inhibition of 72% at approximately 45 minutes. 
The plasma inhibition reached maximum within 15 to 30 minutes, while the brain 
required approximately one hour. On the basis of these data, the Inhibition 5 
for malathon in rats after intraperitoneal injection of the propylene glycol solution 
was determined at the 45-minute interval. Under these conditions the IN 59 was 
480, 320, and 500 mg./kg. for red blood cells, plasma, and brain, respectively. 
There were no deaths following this series of intraperitoneal dosage, which varied 
from 50 to 500 mg. of malathon per kilogram. For sake of comparison, the IN 5 
for parathion under similar conditions except determined at one and one-half hours 
was 1.65 mg./kg. for red blood cells and 3 mg./kg. for brain. The IN 59 for the 
plasma was determined by extrapolation to be 25.5 mg./kg. This dose is of no 
practical significance, since it far exceeds the lethal dose of parathion tinder these 
conditions. 

To evaluate more fully the rate of cholinesterase regeneration, groups of male 
rats were given 500 mg. of malathon per kilogram administered intraperitoneally 
as a propylene glycol solution. At intervals of from 15 minutes through 28 days, 
subgroups of the rats were killed for determination of cholinesterase levels. These 
results indicate that maximum inhibition of the plasma, red blood cells, and brain 
is reached during the first 24 hours. Plasma and brain levels had returned to 
essentially normal after 12 days and the red blood cells after 28 days. No measure- 
ments are available between the 12- and 28-day periods. 

In chronic rat feeding experiments on 65% technical malathon, rats fed two 
years at various levels were killed, and the cholinesterase activity of the plasma, 
red blood cells, and brain was determined. At 100 ppm in the diet, there was no 
significant inhibition in any of the tissues. At 1,000 ppm in the diet, the plasma 
showed 36% inhibition; red blood cells, 73%, and brain, 37%. At 5,000 ppm in 
the diet, the plasma showed 80% inhibition ; red blood cells, 100%, and brain, 77%. 
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Comparable results were obtained after two-year feeding of the 90% technical 
malathon, except that at the 100 ppm level slight inhibition of cholinesterase was 
shown. Females at the 1,000 ppm level were comparable with the males, except 
that there was no inhibition in the plasma. 

At equal levels the 99+-% malathon produced comparable red cell cholinesterase 
inhibition but was much less inhibitory to plasma and brain than was the 90% tech- 
nical material. 

Inhalation—Although the physical properties and acute toxicity of malathon 
are such that inhalation hazards would not be expected, several aspects of this 
problem were investigated. Rats and guinea pigs were exposed to the vapors of 
90% technical malathon held at 30 C. All incoming air to the dynamic chamber 
was bubbled through the technical material eight hours a day, five days a week 
for two weeks. There were no fatalities or other evidence suggestive of anti- 
cholinesterase activity or other toxic mechanisms. During the course of the two- 
week period, cholinesterase levels were not significantly lowered at any time. At 
autopsy the lungs were hyperemic and contained hemorrhagic areas in both species 
of animals. Microscopic examination revealed coagulation necrosis of the alveolar 
walls and intra-alveolar hemorrhages. 

In a subacute experiment, mice, rats, guinea pigs, and rabbits were exposed to 
an aerosol concentration of approximately 60 ppm of the 90% malathon six hours 
per day for two days. The only signs noted were frequent sneezing by the rabbit 
and rhinorrhea particularly in the guinea pigs. After the second day the animals 
were killed. Other than a hyperemic appearance in the lungs, there was no gross 
pathology. Microscopic pathology was limited to alveolar irritation in the lungs. 
Cholinesterase levels were within normal limits for rats and guinea pigs. The 
tissues evaluated were erythrocytes, plasma, and brain. 

In another subacute study, mice, rats, guinea pigs, and one dog were exposed 
to an aerosol of the 90% technical malathon averaging 5 ppm in the air. The 
analysis was based on the chemical method developed for malathon. The exposure 
was eight hours per day, five days per week for four weeks, during which time 
the only sign of toxicity was lacrimation by the dog and to a smaller extent by 
the guinea pigs. There were no tremors, salivation, or other suggestive signs 
of cholinesterase inhibition. After completion of the four-week exposure period, 
there was no significant reduction of cholinesterase levels of the erythrocytes, 
plasma, or brain in the rat, guinea pig, or dog. There were no mortalities during 
the course of the experiment, and at autopsy no gross pathology was observed. 
Microscopic examination revealed thickening of the alveolar walls, with a leucocytic 
infiltration. 

Rats, guinea pigs, and dogs were exposed for a period of six weeks, five days 
per week, seven hours per day, to a 5% malathon dust equivalent to 5 ppm actual 
malathon. In terms of particle sizes subject to inhalation, the concentration approxi- 
mated 0.1 ppm actual malathon on a weight basis. There was no gross evidence of 
toxicity. At two-week intervals representative rats and guinea pigs were killed 
for cholinesterase determinations. The rats exhibited moderate inhibition and the 
guinea pigs no inhibition of cholinesterase in plasma, red blood cells, and brain. 
One dog exhibited mild inhibition and one no inhibition in plasma and red blood 
cells, All values were normal when the remainder of the animals were killed after 
the last exposure. 
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Chronic Oral Ingestion—Two-year chronic feeding studies in rats have been 
completed on the 65, 90, and 99+-% material. For the 65% malathon, four groups 
of 20 male rats each were used, one group serving as control. The feeding levels 
were 100, 1,000, and 5,000 ppm (0.5%). The per cent of theoretical survival for 
the controls was 89% ; for those receiving 1,000 ppm, 98%, and for those receiving 
5,000 ppm, 90%, based on 109 weeks of test. Actual mortality at two years was 
40% for the controls, and 25, 10, and 35% for the rats at the feeding levels. Body 
weight and food consumption were normal for those receiving 100 and 1,000 ppm 
and decreased for those receiving 5,000 ppm. Cholinesterase levels of plasma, 
red blood cells, and brain were normal at 100 ppm, moderately depressed at 1,000 
ppm, and markedly depressed at 5,000 ppm. Microscopic examination of repre- 
sentative tissues revealed no pathology pertinent to the malathon diet. 

After a two-year feeding of the 90% technical malathon to male and female rats, 
the results were comparable, except that there was a very slight inhibition of 
cholinesterase at the 100 ppm level. 

Smaller groups of males and females receiving the purified material (99+ %) 
were also similar at 500, 1,000, and 5,000 ppm levels, except that the females showed 
no retardation of growth at the 5,000 ppm level. A level of 20,000 ppm (2%) was 
lethal to males, but two of three females survived. Growth at this level was 
markedly retarded. 

Pharmacology—Many of the pharmacological actions of malathon are attrib- 
utable to its cholinesterase-inhibiting properties. Typical of this group are its 
salivary stimulation due to parasympathomimetic action and peripheral tremors 
due to action at the striated myoneural junction. Applied locally to the eye, the 
technical material causes moderate irritation and submaximal pupillary constriction. 
The duration of constriction is 3 to 4 hours, and both pupil size and light reflex 
are normal within 24 hours. That this local action is mild is indicated by the fact 
that atropine sulfate in the malathon-treated eye not only causes dilation but 
abolishes the light reflex. There was no evidence of systemic action after application 
to the eye mucosa. 

The acute systemic action was evaluated after intravenous injection of malathon 
into anesthetized dogs which were cannulated for recording of blood pressure and 
respiration. Given in increments of 61.5 mg./kg., the effects after three doses 
(184.5 mg./kg.) consisted primarily of a slight rise in blood pressure, stronger 
pulse pressure, and a more rapid and shallow respiration. A fourth dose (246 
mg./kg.) was given three and one-quarter hours after the first. This resulted 
in decreased respiratory amplitude accompanied by an asphyxial rise in blood pres- 
sure. Intravenously administered pentylenetetrazole (Metrazol) and brief artificial 
respiration restored both adequate respiration and normal blood pressure. Respira- 
tory depression with asphyxial rise recurred after about 10 minutes and was counter- 
acted by intravenously administered pentylenetetrazole only. An additional dose 
of malathon (total, 308 mg./kg.) resulted in a fall in blood pressure followed by 
respiratory failure. There was no asphyxial rise, and pentylenetetrazole plus artificial 
respiration failed to revive. It should be noted that no atropine was given in this 
experiment. Under these conditions, a central effect on the respiratory center fol- 
lowed by failure of the vasomotor center appears to be the immediate cause of 
death. This picture differs radically from that of dogs receiving massive intra- 
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venously administered infusions of acetylcholine sensitized by physostigmine and 
hence does not appear to be due to the acute effects of acetylcholine following 
cholinesterase inhibition. 

COMMENT 


These data suggest that it would be timely to reconsider the view expressed 
by DuBois and Coon * that those materials which have a low toxicity for mammals 
generally exhibit a low toxicity for insects. The data presented by these authors 
indicate that malathon and methyl parathion ( p-nitrophenyl dimethyl thionophos- 
phate) have equal cholinesterase-inhibiting potency in vitro but that methyl para- 
thion is more than 200 times as toxic as malathon administered intraperitoneally 
in rats. On the other hand, parathion is approximately 100 times as potent in 
vitro and about 135 times as toxic to rats as is malathon. Under usage conditions, 
no more than two to three times as much malathon as parathion is recommended ; all 
three are in a narrow use concentration range but a markedly different toxicity 
range. These factors are of major importance in evaluating the acute hazard to 
personnel. 

Frawley, Hagan, and Fitzhugh ® have indicated the significance of erythrocyte 
cholinesterase as an index to chronic poisoning by the organic phosphate insecticides 
asaclass. The data on malathon appear to justify reliance on the red cell cholines- 
terase level as a means of detecting chronic malathon exposure also. 

Neither the acute nor the chronic toxicity of malathon should offer extreme 
hazard in the manufacturing and application. Should either occur through accident 
or gross negligence, the available data suggest that the clinical picture would 
resemble that of other organic phosphates and would be subject to similar care. 
To date there appear to have been no reports of clinical poisoning, and good safety 
measures should preserve this record. 

From an industrial hygiene standpoint it seems desirable to maintain a regimen 
for malathon similar to that for other members of its class. Fortunately, acute expo- 
sure due to accident offers no severe hazard from dermal or inhalation contact, pro- 
vided that adequate hygienic measures are instituted. It is to be hoped that this com- 
pound will serve to point the way toward a better understanding of the difference 
between mammalian and insect toxicity and to free our thinking from the dogma 
that anticholinesterase activity in vitro is necessarily an index to mammalian tox- 
icity. Koppanyi and Karezmar,’ Schweitzer, Stedman, and Wright,’ Bouzarth and 
Himwich,’ and Frawley, Hagan, and Fitzhugh ® have discussed the toxic actions of 
cholinesterase inhibitors independent of the inhibition. Until much more evidence is 
available, this avenue of reasoning should be maintained patent. In the meantime, for 
those materials whose toxic action is accompanied by cholinesterase inhibition, this 
index, particularly that of the red blood cells, serves as a valuable index to chronic 
exposure. 


6. Frawley, J. P.; Hagan, E. C., and Fitzhugh, O. G.: A Comparative Pharmacological 
and Toxicological Study of Organic Phosphate-Anticholinesterase Compounds, J. Pharmacol. & 
Exper. Therap. 105:156, 1952. 

7. Koppanyi, T., and Karezmar, A. G.: Cholinesterase as a Cholinergic Blocking Agent, 
Fed. Proc. 8:309, 1949. 

8. Schweitzer, A.; Stedman, E., and Wright, S.: Central Action of Anticholinesterases, J. 
Physiol. 96:302, 1939. 

9. Bouzarth, W. F., and Himwich, H. E.: Mechanism of Seizures Induced by Di-Iso- 
propyl Fluorophosphate (DFP), Fed. Proc. 10:18, 1951. 
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STUDIES IN VANADIUM TOXICOLOGY 


Reduction in the Cystine Content of Rat Hair 


JOHN T. MOUNTAIN, M.S. 
LARYL LEE DELKER, B.S. 
AND 
H. E. STOKINGER, Ph.D. 
CINCINNATI 


ANADIUM compounds when given to man have been reported to cause an 

increase in metabolism, as shown by increased output in certain of the nitro- 
gen, sulfur, and phosphorus constituents of urine.’ Pathologic changes produced 
by vanadium in experimental animals include fatty infiltration of the liver and 
reduction in fat and lipid content of the adrenal cortex.* Because methionine is 
the amino acid which has pronounced lipotropic activity on the liver * and is a 
precursor of cystine, the pathologic changes in the liver and increased urinary 
sulfur associated with vanadium intake suggest interference with the metabolism 
of the sulfur amino acids. 

The dietary supply and metabolic changes of the sulfur amino acids in animals 
and in man are reflected in the composition of hair, skin, and fingernails. The 
cystine content of these keratinous tissues is known to be affected by a number 
of factors, including diet * and toxic agents.* It has been reported that human 
fingernails have abnormally low cystine content in certain pathologic conditions ° ; 

From the Toxicology Section, Division of Occupational Health, United States Public Health 
Service. 

1. Proescher, F.; Seil, H. A., and Stillians, A. W.: A Contribution to the Action of 
Vanadium with Particular Reference to Syphilis, Am. J. Syph. 1:347, 1917. 

2. Daniel, E., and Lillie, R. D.: Experimental Vanadium Poisoning in the White Rat, Pub. 
Health Rep. 53:765, 1938. 

3. Eckstein, H. C.: Dietary Essential Amino Acids and the Liver Lipide Content of Young 
White Rats, J. Biol. Chem. 195:167, 1952. 

4. (a) Sullivan, M. X.; Hess, W. C., and Howe, P. E.: A Comparison of the Wool and 
Skins of Full-Fed and Maintenance-Fed Lambs, J. Agric. Res. 61:877, 1940. (hb) Lightbody, 
H. D., and Lewis, H. B.: Metabolism of Sulfur: Dietary Factors in Relation to the Chemical 
Composition of the Hair of the Young White Rat. J. Biol. Chem. 82:663, 1929. (c) Heard, 
E. V., and Lewis, H. B.: Metabolism of Sulfur: Dietary Methionine as a Factor Related to the 
Growth and Composition of the Hair of the Young White Rat, J. Biol. Chem. 123:203, 1938. 

5. Spencer, B., and Williams, R. T.: Studies in Detoxication: The Influence of Bromo- 
benzene and Cystine on the Bromine Content of the Hair of Rats, Biochem. J. 46:460, 1950. 

6. (a) Sullivan, M. X., and Hess, W. C.: The Cystine Content of the Fingernails in Arth- 
ritis, J. Bone & Joint Surg. 16:185, 1934. (b) Klauder, J. V., and Brown, H.: The Sulfur 
Content of Hair and of Nails in Abnormal States: I]. Nails, Arch. Derma’. & Syph. 31:26, 
1935. 
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restoration of normal cystine level is frequently associated with improvement of 
arthritic patients.** Reduction in the cystine content of rat hair has been brought 
about by the administration of bromobenzene.* 

Measurement of the cystine content of the hair of rats fed diets containing 
vanadium pentoxide was therefore undertaken to determine if there were changes 
in cystine content indicative of abnormal metabolism. 

For this study, rats were given diets supplemented with vanadium at both high 
and low levels. In a separate experiment, methionine was also included in the diet 
of vanadium-fed rats to determine whether this sulfur amino acid would counteract 
the effects of vanadium. 


Vanadium pentoxide was used in this work, because it is a vanadium compound 
of particular interest from the standpoint of occupational health, and any positive 


findings might find application in the study of human subjects exposed to this 
material. 


MATERIALS AND METHODS 


Ingestion Studies—Low-Level Vanadium: Fifteen male albino rats of the Wistar strain, 
weighing from 200 to 350 gm., were divided into three comparable groups of five each. The 
first group received a stock diet of Purina Dog Chow Checkers, ground in a Wiley Mill. The 
second group received the stock diet, with 25 ppm of vanadium incorporated in the form of 
vanadium pentoxide; 50 ppm of vanadium was similarly included in the diet of the third group. 
At the end of 35 days, the levels of dietary vanadium were raised to 100 and 150 ppm, respectively, 
in an attempt to elicit more pronounced differences among tlie groups. Daily records of food 
consumption were kept throughout the duration of the experiment, which was 103 days. The 
metallic composition of the stock and the vanadium-supplemented diets were determined by 
spectrographic analysis.* 

Just prior to the introduction of vanadium into the experimental diets, samples of hair were 
clipped from all the animals. Other hair samples were taken at 60 and 103 days. The hair samples 
were obtained by first skirting off and discarding about 1 to 1.5 cm. of the hair back from the 
tips. An electric clipper was then used to cut off the hair close to the skin over an area from 
the shoulder to the base of the tail on the back of the animal. Samples were defatted by placing 
in evaporating dishes containing benzene for 30 minutes, rinsing with fresh benzene, draining, 
and air drying.4e They were then stored in a vacuum desiccator over Drierite for 24 hours or 
until analyzed. Samples were analyzed by the method described below. 

High-Level Vanadium: A similar study was performed on rats fed the vanadium pentoxide 
at levels of 500 and 1,000 ppm of vanadium. A fourth group of five rats which served as group- 
paired fed controls for those receiving 500 ppm was added. Hair samples were taken at the 
start and at 36 and 75 days, at which time the experiment was terminated. 

High-Level Vanadium with Added Methionine: dl-Methionine in amounts of 1.6% was 
added to the diet of one group of rats whose diet further contained 500 ppm V as the pentoxide ; 
another similar group was fed a diet containing 500 ppm V only, and a third similar group served 
as group-paired fed controls for the latter. No cystine determinations of the hair of these animals 
were made, because hair growth of the methionine group was insufficient during the period of 
the experiment (63 days). Determinations on the animals consisted of measurements of food 
consumption, of body-weight gains, and of liver-weight to body-weight ratios as indices of 
methionine effect. 

Analysis of Hair—Duplicate samples of the defatted, dried hair, weighing 35 to 50 mg., were 
weighed in a boat, transferred to 20 by 150 mm. test tubes with ground joints, and hydrolyzed 
overnight (16 hours) in 10 ml. of 6 N HCI under reflux tubes in an oil bath at 125 C. Care was 
taken to keep the oil level below that of the liquid in the tubes; joints were coated with silicone 


7. Stock diet of the rats contained an average of 0.7 y of vanadium per gram. This vanadium 
was largely unassimilable, as shown by excretion studies (unpublished results) ; the condition 
was believed to arise chiefly from the milling of the diet. 


a 
4 
4 
he 
oui 


408 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


grease, and the open ends of the condenser tubes were loosely covered with test tubes in order 
to minimize exposure to air and to prevent contamination. Recovery experiments with pure 
cystine and with cystine added to samples gave no evidence of losses of cystine. Hydrolysates 
were treated according to Sullivan’s directions * with minor modifications. These consisted in 
omission of the decoloration step, addition of the bromophenol blue indicator directly to the 
hydrolysate to be neutralized, dilution to 100 ml., and use of a combined sodium sulfite-naphtho- 
quinone reagent (6 ml. reagent, containing 5 ml. of 10% anhydrous sodium sulfate in % N NaOH 
with the equivalent of 1 ml. of 2% 1,2-naphthoquinone-4-sodium sulfonate added). It was found 
that standing for three hours in the dark at 25 C. was adequate for completion of the reaction in 
this step. This procedure was used to advantage in cases in which large numbers of samples 
were run; it precluded maintaining the 10- or 15-second interval and the shaking which usually 
follow the addition of the naphthoquinone sulfonate reagent.® Standards were always run in 
parallel with the sample aliquots analyzed; a Klett-Summerson photoelectric colorimeter with 
Filter 54 was used to measure color; readings were taken within 3 to 10 minutes after addition 
of the final reagent. Polarographic determinations 1° of cystine in hydrolysates agreed with the 
colorimetric analyses. Results obtained by the two methods did not differ by more than the 
variations within one method; results of duplicate aliquots usually varied less than 3% and of 
duplicate hydrolysates, less than 5%. e 
RESULTS 

Table 1 shows that the cystine content of the hair of the control group increased 
with time, whereas that of the rats fed the 100 ppm vanadium diet remained nearly 
constant on the average. When the vanadium intake was at the 150 ppm level, a 
decrease in the average hair cystine values occurred. The hair cystine of all the 
individual rats in the control group increased, the smallest increase amounting to 
1.15%. Of three rats in the vanadium groups which showed higher hair cystine 
after the feeding period, the greatest single increase (0.76% ) which occurred in 
those receiving the 100 ppm V (Group II) is still but a fraction of the gain shown 
by the lowest control animal. It is to be noted also in Table 1 that although the 
food intake of all groups was nearly the same the vanadium test groups gained more 
weight than did the controls. The only hematologic changes of significance appeared 
at the 150 ppm level at which a significantly lower erythrocyte count and decreased 
hemoglobin level were evident. 

The cystine content of hair of rats fed the higher levels of vanadium, 500 and 
1,000 ppm, was depressed in comparison with that of the controls. This finding 
corresponded to that at the lower levels, with the difference that the percentage 
decrease in cystine at the 1,000 ppm level was greater (0.76%) and occurred 
sooner (75 days) than at the 150 ppm level which required 103 days to produce 
a 0.41% average decrease in cystine content (Tables 1 and 2). 

The 0.76% decrease in hair cystine content at the 1,000 ppm level of vanadium 
feeding is highly significant on an absolute basis, i. e., comparing final and original 
cystine percentages within the same group. At the lower levels of dietary vanadium, 
the decreases in cystine are considered significant on a relative basis, i. e., comparing 
the vanadium-fed groups with their corresponding controls. It is to be noted that 
a decreased rate of body-weight gain occurred in both high-level vanadium-treated 

8. Sullivan, M. X.: Studies on the Biochemistry of Sulphur: IV. The Colorimetric Estima- 
tion of Cystine in Casein by Means of the Beta-naphtho-quinone Reaction, Pub. Health Rep., 
Supp. 78, 1929. 

9. Sullivan.s Neubeck, C. E., and Smythe, C. V.: Studies on the Colorimetric Determina- 
tion of Cystine, Arch. Biochem. 4:435, 1944. 

10. Kolthoff, I. M., and Stricks, W.: Polarographic Investigations of Reactions in Aque- 
ous Solutions Containing Copper and Cysteine (Cystine), Anal. Chem. 23:763, 1951. 
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groups, compared with that of controls, and that the decreased weight gain was 
greater in both vanadium groups than in the group-paired fed controls, indicating 
that food restriction was not the sole factor in the growth impairment. 


TaBLe 1.—Results of Feeding Vanadium Pentoxide to Rats at Dietary Levels of 25, 100 and 
50, 150 Ppm V 


Group I II lil 


Diet Control 100 Ppm V* 150 Ppm Vt 

Hair cystine, %t 

12.00 + 0.30 12.14 + 0.39 12.34 0.27 

12.65 + 0.32 11.98 + 0.32 12.09 + 0.20 

13.33 + 0.30 12.13 + 0.26 11.93 + 0.12 
Total food intake, gm./rat.................... 1,996 2,130 2,019 
0 155 236 
Av. gain, gm./rat/100 gm. food............. .. 5.55 7.32 7.23 
Red cell count (M/mm.*) 

8.0 7.8 8.0 

Hemoglobin, % 


*25 ppm V fed first 35 days. 
50 ppm V fed first 35 days. 
Means are expressed with their standard error. 
§ The ehange occurring in the control group (1) was found to be significantly different from the changes 
in the vanadium-fed rats (II and III) at the 0.5% level by the F ratio in the analysis of variance. 


TaBLe 2.—Results of Feeding Vanadium Pentoxide to Rats at Dietary Levels of 
500 and 1,000 Ppm I" 


Group IV Vv VI VIL 
Food Con- 
Control trol for 
Diet Ad Lib. oY) Ppm V 500 Ppm V 1,000 Ppm V 
Hair eystine, %* 
12.01 = 0.18 12.34 = 0.19 12.42 0.14 13.09 >= 0.17 
12.28 + 0.17 12.34 + 0.19 12.54 0.15t 12.90 + 0.33 
12.45 > 0.22 12.15 + 0.28 12.16 + 0.223 12.33 0.16 
Av. change in cystine, %§.. ....... 0.44 + 0.30 0.19 = 0.48 0.26 + 0.25 0.76 > 0.13 
Total food intake, gm./rat........ 1,569 1,392 1,392 1,435 
Vanadium ingested, mg./rat....... 0 785 0 1,435 
AV. WE. 125 42 9” —2 (loss) 
Av. wt. increase, gm. rat 100 gm. 
7.97 3.02 6A7 Loss 


Means + standard error. 

+ One rat died in third week. 

{ Due to intercurrent infeetion, results for this group are not comparable; by maintaining the animals on 
an ad lib. diet for 51 days longer, the hair cystine percentage reached 12.58 + 0.18%. 

§The change occurring in the ad lib. control group (1V) was found to be significantly different from the 
changes in the vanadium-fed rats (V and VII) at the 5% level of significance by the F ratio in the analysis 
of variance. There was no statistically significant difference between the 500 and 1,000 ppm vanadium groups: 
the F ratio corresponded to the 25% level of significance. 


The results in Table 3 indicate that methionine did not significantly affect either 
the growth or the relative liver weight in vanadium-fed animals ; however, the aver- 
age values for these suggest a definite tendency toward improvement as a result of 
the administration of methionine. 

The gradual increase in the cystine content of the hair of the normal control rats 
is in accord with observations that there is a gradual increase in this constituent in 
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the hair with advancing age of the animal.'' This is explained on the basis that 
cystine or methionine is the limiting factor in determining the cystine content of 
animal hair '* and that cystine requirements for the body proteins take precedence 
over that for hair. Thus, on a suboptimal diet it is only after the most active phase 
of growth has ceased that sufficient cystine is available to develop hair containing 
a normal percentage of cystine. Accordingly, the rather large increase in cystine 
content of the hair of the normal rats during the 103-day test period is a reflection 
of the less than optimal diet employed. The hair cystine content of 12.3% found 
at the start for all groups of control rats was somewhat less than optimal, 13 to 
13.5%.'* The diet, however, gave a satisfactory rate of body growth and permitted, 
in addition, the manifestation of responses more readily at lower dietary levels of 
vanadium than would have been possible on an optimal diet. The data presented 
herein are interpreted on the basis that vanadium curtailed the availability of cystine 
for hair growth, possibly through the partial inhibition of some enzyme systems 
such as sulfur transferases.'* 


TABLE 3.—Effect of dl-Methionine Added to J’anadium Diet 


Group IX x 
Control 500 Ppm V 
Paired-Fed + 1.6% dl- 
Diet 500 Ppm V with VIII Methionine 
Av. wt., gm. 
63 + 11 104 + 14 68 + 10 
Total food intake, gm./rat................. 1,103 * 1,090 1,027 
Gain, gm./rat/100 gm. food................ 5.66 9.54 6.62 
Ratio, liver wt./body wt., %....cccscseeee- 3.86 + 0.07 3.61 = 0.12* 3.68 + 0.06 


*The control group (1X) was found to differ significantly from the vanadium-fed groups (VIII and X) 
at the 5% level by the F ratio in the analysis of variance. The two vanadium-fed groups were not signifi- 
cantly different from each other. 


The somewhat improved weight gain per 100 gm. of food consumed by the rats 
on the methionine-vanadium diets, as compared with those on vanadium diets (5.66 
gm. vs. 6.62 gm., Table 3), suggests that a block in the utilization of methionine, 
caused by vanadium, was partially overcome by the methionine supplement. The 
methionine supplement, however, did not significantly change the liver-weight to 
hody-weight ratios nor improve the growth of the hair. Since added methionine 
was without effect, it appears that failure to utilize methionine may be the meta- 
bolic fault which arises from exposure to vanadium. The vanadium, in turn, appeared 
to reduce the effects of excess methionine, because growth regression has been 
noted in weanling rats receiving a 10% casein diet to which 1.6% dl-methionine 
together with optimal supplements of other amino acids had been added.** It was 


11. Lightbody and Lewis.4» Diiring: Ztschr. physiol. Chem. 22:281, 1896-1897; cited by 
Lightbody and Lewis.» 

12. (a) Lightbody and Lewis.4» (b) Heard and Lewis.*¢ (c) Smuts, D. B.; Mitchell, H. H., 
and Hamilton, T. S.: The Relation Between Dietary Cystine and the Growth and Cystine Con- 
tent of Hair in the Rat, J. Biol. Chem. 95:283, 1932. 

13. Binkley, F.; Christensen, G. M., and Jensen, W. N.: Pyridoxine and the Transfer of 
Sulfur, J. Biol. Chem. 194:109, 1952. 

14. Russel, W. C.; Taylor, M. W., and Hogan, J. M.: Effect of Excess Essential Amino 
Acids on Growth of the White Rat, Arch. Biochem. 39:249, 1952. 
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noted that the hair growth of our methionine-fed animals was markedly inhibited 
(10 to 90% ). This peculiar inhibition of hair growth may be similar to that reported 
to occur in rats fed an excess of cystine.'*¢ 

Substantiating evidence for the chemical changes found in the hair of vanadium- 
treated animals were structural changes, both gross and microscopic. The regrowth 
of hair was sparse, coarser, and stiffer compared with the more fleece-like hair of 
the controls. Photomicrographs of the hair fibers of the vanadium-treated animals 
resembled those shown in an article by Smuts, Mitchell, and Hamilton '** on hair 
of cystine-deficient rats. 

The present study shows the cystine content of the hair to be on the average a 
reliable measure of the response to exposure to vanadium, provided that due con- 
sideration is given to effects arising from diet or disease. Diminished quantities of 
cystine were laid down in the hair at all levels of orally administered vanadium, 
irrespective of body-weight gains, liver-weight to body-weight ratios, or hemato- 
logic changes. The method possesses the particular advantage of permitting pro- 
gressive evaluation of the effect, with a minimum of trauma to the animal. 

Care should be taken to exclude extraneous effects due to diet or disease when 
applying this method. The result of disease is brought out in the case of the food 
control group (Group VI., Table 2, Footnote with + sign). These rats exhibited 
symptoms of respiratory infection during the period of food restriction. The per- 
centage of cystine in the hair at the time the infection set in (12.42 and 12.54%), 
at the time shortly after the infection had run its course (12.16% ), and at the time 
alter recovery (12.58%) shows the influence of disease on the cystine content of 
the hair. 


SUMMARY 


Administration of vanadium by ingestion in rats resulted in depressed cystine 
content of the hair. This effect occurred in rats when the diets contained as little 
as 0.01% vanadium and appeared a more reliable guide to exposure than changes 
in either body weight, liver- and body-weight ratios, or hematologic response. The 
rat diet, though not optimal, was sufficient to maintain satisfactory growth. 

Vanadium produced structural changes in the hair, both gross and microscopic, 
that were characteristic of cystine deficiency. 


Toxic effects of vanadium are considered to be associated with failure to 
inetabolize sulfur amino acids properly. 
Administration of methionine gave some indications of counteracting the unfa- 


vorable effects of vanadium on body-weight gains and liver-weight to body-weight 
ratios. 


Mr. T. Shimamoto of this Division was responsible for the statistical treatment of data, 
Mr. R. G. Keenan for spectrographic analysis of the diets, Mr. V. B. Perone for hematologic 
work, Mr. P. F. Floyd for the polarographic determinations of cystine, and Mr. W. G. Mitchell 
for the treatment of animal groups fed high-level vanadium with added methionine. 


ABSOLUTE METHOD OF SAMPLING AND MEASUREMENT OF SOLID 
AIR-BORNE PARTICULATES 
Combined Use of the Molecular Filter Membrane and Electron Microscopy 


DAVID A. FRASER, B.A. 
CINCINNATI 


HE RECENT development of the molecular filter membrane ' presents to the 

industrial hygienist an aerosol sampling medium whose collecting efficiency 
approaches 100% and whose performance is independent of and does not modify 
either the size of the particles or their state of aggregation. .\ method is herewith 
presented that employs the molecular filter membrane, with its high sampling 
efficiency, in combination with the electron microscope tor high resolution, to obtain 
an absolute procedure for particle-size analysis. 


In outline, the procedure consists in (1) collecting a sample of air-borne partic- 
ulates on a molecular filter membrane; (2) effecting transfer of the particles to a 
prepared electron-microscope specimen screen and photographing the particles, and 
(3) determining the size distribution of the particles by visual measurement from 
their projection on a screen. 


GENERAL DESCRIPTION OF MATERIALS 


Characteristics of Molecular Filter Membrane—The filters are thin (150 #) membranes of 
cellulose esters, having 80 to 85% voids and approximately 10° pore openings per square centi- 
meter. Of the two commercially available grades, the one designated AA (aerosol assay), 
possessing a mean pore size of 0.8 4, appeared to be of greater value to the industrial hygienist 
and was used in the experiments to be described. The conical shape of the pores, with the 
smallest openings toward the face, restricts the penetration of the collected particles to a depth 
of 15 to 20 «. Goetz?» has shown that the collection efficiency of the filters is not necessarily 
dependent on the particle size of the aerosol or on the pore size of the filter. Collection of 
excessive amounts of metal fume, having a discrete particle diameter of from 0.01 to 0.02 » and 
a mean agglomerate size of 0.2 4, showed that each pore opening retained many hundreds of 
particles without any evidence of loss of filtering efficiency. This phenomonal retentive power is 
attributed to a large electrostatic charge developed by the passage of air through the filter. 
Thus, it is possible to collect quantitatively with the molecular membrane filter particles 
possessing sizes far below the theoretical limit of resolution of the optical microscope (0.25 » 
under optimal conditions). 

Mr. Fraser is a chemist with the Toxicology Section, Division of Occupational Health, 
United States Public Health Service. 

1. (a) Goetz, A.: Materials, Techniques and Testing Methods for the Sanitation (Bacterial 
Decontamination) of Small-scale Water Supplies in the Field Used in Germany During and 
After the War, Fiat Final Report 1312, Joint Intelligence Objectives Agency, U. S. Depart- 
ment of Commerce, 1947. (bh) Goetz, A.: Application of Molecular Filter Membranes to 
the Analysis of Aerosols, Am. J. Pub. Health 43:150 (Feb.) 1953. (c) First, M. W., and 
Silverman, L.: Air Sampling with Membrane Filters, A. M. A. Arch. Indust. Hyg. 7:1 (Jan.) 
1953. 
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Description of Filter Holder—The brittleness of the filter membrane requires a special 
holder to provide support for the membrane during filtration. Inexpensive holders made from 
common laboratory equipment are shown in Figure 1.2. A circle of 16 mesh bronze-wire screen 
cemented to the glass body of the holder with DeKhotinsky cement has been used as a rigid 


Fig. 1—Inexpensive laboratory-made holders for molecular filter membranes. At top are 
two halves of funnel-type holder for placing in air line. Parts consisting of filter mounted on 
plastic rim, filter paper backing, wire screen, and glass body of holder are shown at lower right. 
The assembled filter and holder are at lower [eft. 


_ Fig. 2.—Dust-chamber apparatus. 
distribution of aerosol visually.) 


(Microscope lamp furnishes Tyndall beam to follow 
support for the membrane. A circle of Whatman No. 41 filter paper is placed between the 
filter membrane and the screen. A circle of 200 mesh copper screen can be used instead of the 
filter paper. Bands of “Gooch crucible” tubing provide an efficient seal for the assembly. With 


2. The nominal cost of these holders contrasts sharply with the price of $55 for the 
commercial holders. 
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such a holder, an even distribution of the collected particles may be obtained across the entire 
face of the filter membrane. This was shown by counting the number of particles deposited in 
several equal areas of the filter under an optical microscope equipped with a Whipple ocular 
micrometer disk. 

Description of Dust Chamber —The dust chamber used in these experiments is shown in 
Figure 2. It consisted of a 30 liter bell jar, with two sampling ports and an inlet port. Flow 
through the chamber was maintained by exhausting air continuously through the top port and 
using the end port for sampling purposes. Air-borne dust was supplied to the chamber by 
being drawn through a series of Greenburg-Smith impingers which provided both impaction 
and elutriation of the dust particles. A stirring motor was used to vibrate the first impinger in 
which the charge was placed, in order to secure suitable dispersal of the dust. A bank of 
orfice-meter manometers afforded control of both chamber air flow and sampling rate. 


EXPERIMENTAL PROCEDURES AND RESULTS 
Method of Transferring Sample—In order to transfer the aerosol specimen from the filter 
to a prepared Formvar covered screen *® for viewing and photographing in the electron micro- 
scope, the following procedure was developed. The prepared screens are placed film side up on 
a piece of 10 mesh wire gauze in the bottom of a Petri dish. The molecular filter membrane 
upon which the sample has been collected is cut into small squares which are placed face down 
on top of the screens. Ethyl acetate is poured slowly into the Petri dish until the squares of 
the filter are just wet by capillary action. The cover is placed on the Petri dish, and 10 to 15 
minutes are allowed for the filter material to dissolve slowly by diffusion. The aerosol particles, 
freed of the membrane, settle on the undissolved Formvar film and after being removed from 
the Petri dish and allowed to dry are ready for examination in the electron microscope. 


The use of ethyl acetate as a solvent for the filter membrane limits the use of 
this method to aerosols insoluble in that solvent; other solvents, such as acetone, 
may be used when indicated. This limitation, however, may be advantageous in that 
it serves to separate many particulates from organic contaminants. 


The possibility that the wetting action of the solvent could change the surface- 
energy distribution of the particles and thus change their state of agglomeration has 
been tested. Figure 3 shows the results of such a test with the use of cobalt metal 
dust. The particle-size distribution of a sample of this dust was determined with 
the optical microscope, with the use of standard methods * before and after solution 
of the filter membrane in ethyl acetate. The median particle size remained 
unchanged, while the standard deviation increased somewhat (from 1.5 to 1.8). 


Figure 4+ shows the results of a similar comparison with the use of a carborun- 
dum aerosol. In this case, the median particle size was reduced from 0.72 to 0.49 » 
by the treatment. The change shown in Figure 4 is apparently a function of the 
composition of the particular aerosol under scrutiny and should be determined for 
each substance investigated. 


Technique for Determining Particle-Size Distribution—An R.C.A. electron microscope 
EMU-2D was used in this work. A picture of polystyrene latex (Dow Chemical Co. Batch 
580-G, which has a uniform particle diameter of 2,585 A. + 15A. [about 0.25 a]) was taken: 
at the same magnification as the picture of the aerosol specimen. A Bausch and Lomb Balopti- 
con was used to project this picture on a ruled screen in such a way that the polystyrene 

3. Drummond, D. G.: The Practice of Electron Microscopy, J. Roy. Micros. Soc., 70:26- 
(March) 1950. 


4. Dalla Valle, J. M.: Micromeritics; The Technology of Fine Particles, New York,. 
Pitman Publishing Corporation, 1943, p. 59. 
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_ Fig. 3.—Particle-size distribution of cobalt metal dust before and after dissolution of 
filter membrane with ethyl acetate. Measurements made with optical microscope. 
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Fig. 4.—Particle-size distribution of carborundum dust before and after treatment. Measure- 
ments made with optical microscope. 
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Fig. 5.—Comparison of particle-size distributions obtained with the use of the electron and 
optical microscopes on silica aerosol. 
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Fig. 6.—Comparison of particle-size distributions obtained with use of the electron and 
optical microscopes on carborundum dust. 
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OF AIR-BORNE SOLID PARTICULATES 
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spheres had a diameter of exactly 2.5 cm. Thus, 10 cm. on the ruled screen represented 1 u. 
The picture of the aerosol particles was then projected without disturbing the settings of the 
projector, and the size of the particles read from the rulings on the screen. Because of the 
high magnification and therefore small field of the electron microscope, it is usually necessary 
to examine the pictures of 5 or 10 different fields in order to obtain sizes of a sufficient number 
of particles (200 to 500) for a statistical analysis. 


Figures 5, 6, and 7 show comparisons of the particle-size distribution curves 
obtained with the use of the electron microscope and the optical microscope on the 
same sample of silica aerosol, carborundum dust, and cobalt metal dust. The elec- 
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Fig. 7—Comparison of particle-size distributions obtained with use of the electron and 
optical microscopes on cobalt metal dust. 


tron microscope always gave a lower median size for the distribution and usually a 
higher standard geometric deviation. When only particles with diameters greater 
than a given size were considered in the distribution obtained with the electron 
microscope, a curve was obtained which closely approximated that obtained with 
the optical microscope. A number of such distributions have been measured; in 
general, it was found that only by considering particles greater than 0.4 » in diameter 
was agreement with the optical method approached. 


From these data, it has been concluded that the optical microscope system used 
(97 X oil-immersion objective, 10 X ocular) was not capable of resolving particles 
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less than about 0.4 ».° The higher geometric deviation for the particle distribution 
obtained with the electron microscope would be expected to result from the great 
increase in resolution of the electron microscope compared with the optical lens 
system (50 A. in the former to ca. 2,500 A. in the latter). 


COM MENT 


It is a rare day indeed in science when two highly efficient techniques can be 
combined to produce an absolute method that is basic to the development of an 
experimental field. Such a method is afforded the field of air sampling for solid 
particulates by the molecular filter membrane which when used suitably has essen- 
tially 100% efficiency. The electron microscope affords like efficiency for the anal- 
ysis of such samples. There are no present indications that those particles that 
cannot be made visible by this latter instrument are of any hygienic consequence, if 
indeed they exist. 


The particle-size distributions of different dust clouds obtained with the new 
electron microscope technique and those obtained with the conventional optical 
methods afford an interesting comparison and at the same time an opportunity for 
speculation. It has been noted that particles below 0.1 » in diameter are often present 
in rapidly diminishing frequency (Figs. 5, 6, and 7) in dust clouds developed from 
energies of a magnitude commonly associated with normal grinding processes. When 
higher energies have been used, however, as in the production of fume, the particles 
are of the order of 0.01 » in diameter, but these also present no visualization problem 
with the electron microscope, even when the particles are discrete rather than 
aggregated as is the tendency of most metallic fumes. The conclusion reached from 
Figures 5, 6, and 7, that the resolution obtained with the optical system was no less 
than 0.4 », is in agreement with the assumption of Davies® in his excellent evalu- 
ation of dust-sampling instruments. It is easily seen that the superficial size distribu- 
tion obtained with the optical microscope gives a value for the mean size which can 
be in error as much as 200%. The use of the electron microscope for measuring the 
size of air-borne dust particles usually encountered is to be preferred therefore over 
the optical microscope, which cannot be used to measure particles less than 0.4 p in 
diameter and allows considerable question of the accuracy of measurements below 
1.0 

Further evidence for the superiority of the electron microscope for measuring 
particles with diameters in the range of greatest physiologic significance’ is the 


5. The limit of resolution of the optical microscope can be improved significantly by arti- 
ficial means. Laskin (Laskin, S.: Pharmacology and Toxicology of Uranium Compounds, 
edited by C. Voegtlin and H. C. Hodge, National Nuclear Energy Series, New York, McGraw- 
Hill Book Company, Inc., 1949, Division VI, Vol. 1, p. 477) used a technique of coating the 
sample with selenium metal in a vacuum. With this mounting medium of high index of refrac- 
tion (2.8), he was able to measure particles of 0.1 « diameter. The value obtained for the 
median size of a sample in the 0.5 « range was decreased 71.9% by this means in comparison 
with the same sample uncoated. 

6. Davies, C. N.; Alward, M., and Leacey, D.: Impingment of Dust from Air Jets, A. M. A. 
Arch. Indust. Hyg. 4:354 (Oct.) 1951. 

7. Stokinger, H. E.; Steadman, L. T.; Wilson, H. B.; Sylvester, G. E.; Dziuba, S., and 
LaBelle, C. W.: Lobar Deposition and Retention of Inhaled Insoluble Particulates, A. M. A. 
Arch. Indust. Hyg. 4:346 (Oct.) 1951. 
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following: When a complete log-normal distribution is truncated and the smaller 
particles disregarded, the plot of this truncated distribution on log-probability paper 
will no longer be a straight line; the median value will be higher, and the slope 
decreased with respect to the complete distribution. This pattern is shown in 
Figures 5, 6, and 7, with the distribution obtained by counting all particles with the 
electron microscope taking the role of the completed distribution and that obtained 
with the optical microscope being the most truncated distribution. This further 
evidence of the high efficiency of the electron microscope gives confidence that all 
the particles in the distribution of hygienic importance have been considered. 

In respect to the procedures of the present method affecting particle aggregation, 
the dissolution of the molecular filter membrane and the wetting of the collected 
particles with ethyl acetate did not affect the mean particle size of the cobalt metal 
dust sample (Fig. 3), but these procedures appeared to modify somewhat the aggre- 
gation of the sample of carborundum dust (Fig. +). The decrease in mean particle 
size in the latter case is interpreted as a slight and uniform disaggregation of the 
particles. The fact that this disaggregation process is uniform and does not go to 
completion indicates that it may be owing to the neutralization of electrostatic forces 
acquired by the particles during collection on the filter membrane. Such an effect 
would be a reversion toward the original state of aggregation (before sampling) 
rather than a further disassociation of the particles. This phase of the problem, 
the effect of the sampling method on the state of aggregation of the particles, poses 
many difficulties and requires further investigation. 


SUM MARY 


A method is presented that permits for the first time an absolute procedure for 
the analysis of air-borne solid particulates. The method makes use of the combined 
high efficiency of the molecular filter membrane for sampling and that of the elec- 
tron microscope for measurement. 

Simple, inexpensive, laboratory-made holders for the molecular filter membrane 
have been described. 

Particle-size distributions obtained by the new method and by standard optical 
techniques have been critically compared and analyzed. 

Dr. H. E. Stokinger, Chief Toxicologist, Division of Occupational Health, U. S. Public 


Health Service, Cincinnati, offered many helpful suggestions and critically reviewed the manu- 
script. 
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NDIA supplies the world with a major portion of all its high-grade sheet mica, 
I a material that is invaluable in the electrical industry. Before World War II, 
India produced about 75% of the mica needed by that industry, and the bulk of it 
came from the Bihar mica field.t. Production has progressively increased, data for 
recent years showing an advance of from 120,000 ewt. in 1939 to 195,000 ewt. in 
1951, the latest year for which such figures are available. Employees in the industry 
number about 27,000, of whom 16,500 work underground. 

That mica miners in the course of their work are exposed to the inhalation of 
rock dust that is high in its free silica content and that they may thus acquire the 
disease silicosis has been known for some years. Suggestive evidence in this direc- 
tion was presented to the Mica Enquiry Committee in 1944-1945. Similar data 
appeared in a later report of another inquiry into the working conditions in the 
industry.” Both reports recognized the need for a careful scientific appraisal of the 
problem. The present report on silicosis in mica mines in Bihar is based upon a 
study covering both the engineering and the medical aspects of the problem. 


ENGINEERING SECTION 


The mica mined in the State of Bihar is found in pegmatites which consist of 
coarsely heterogeneous deposits of quartz, feldspars, muscovite and other micas, 
and minor minerals, such as tourmaline, beryl, garnet, and others. Zones of mica- 
containing rock in which mica is of economic importance are usually found near 
the walls of the surrounding country rock, generally mica schist, and also near 


From the Office of the Chief Adviser Factories, Ministry of Labor, Government of India. At 
the time of the study Dr. Heimann and Dr. Moskowitz were technical consultants to the United 
States Technical Cooperation Administration. Dr. Heimann is at present with the United States 
Public Health Service; Dr. Moskowitz is with the Division of Industrial Hygiene and Safety 
Standards of the New York State Department of Labor. 

1. Report of the Mica Enquiry Committee, 1944-1945, New Delhi, Government of India 
Press, 1949. 

2. Adarkar, B. P.: Report on Labour Conditions in the Mica Mining and Mica Manufac- 
turing Industry, New Delhi, Government of India Press, 1945. 
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separations between rock which is largely quartz and rock which is composed largely 
of feldspars. In mining for mica, the intention is to follow mica-bearing zones as 
much as possible. However, it is sometimes necessary to excavate non-mica-bearing 
rock, such as is found between mica-bearing zones, or even country rock in order 
to reach mica-bearing zones. 

Mica Mines.—The usual underground mica mine consists of a vertical or nearly 
vertical shaft, which may not be continuous for the depth of the mine. Other shafts 
may be used as emergency exits, stacks for air movement, or haulage ways. None 
of the shafts is equipped with an elevator ; entrance and exit are by means of wooden 
ladders. Branching from the shafts are a number of horizontal or almost horizontal 
galleries at depths of about 30 ft. (9 m.) from each other. Branching from these 
are cross cuts or drifts. Shafts, galleries, and drifts vary in cross section from about 
6 by 8 ft. (1.8 by 2.4 m.) down to a section barely large enough to admit the human 
body. 

The workings most frequently encountered were at a depth of about 200 it. 
(60 m.), but some mines reach a depth of 600 ft. (182 m.). Their greatest hori- 
zontal dimensions may be equal to the depth but are usually no more than 200 ft. 

Mining.—The main operations are drilling, blasting, scaling, selection of mica, 
and mucking. 

In the larger mines drilling is done with hand-held jackhammers. One gang 
usually drills 20 to 40 holes, each about 2 ft. (60 cm.) deep by 1% in. (3 em). 
in diameter, per eight-hour shift. The time spent in drilling is about four hours 
per shift. Some mines have no air compressors, and some have a compressor with 
a capacity sufficient to operate only one drill. In the former, and in the latter when 
more than one drilling gang is to operate at one time, hand drilling is done. This 
consists of teams of two men alternately striking a hand-held drill by means of sledge 
hammers. Hand drillers usually work six hours per shift. 

To the end of 1952, dust-control measures were not legally required in mica 
mines. However, some mine owners have been using wet pneumatic drilling for 
several years. It was reported that air-operated dust traps have been used from 
late 1951. Hand drillers sometimes pour small quantities of water into holes after 
the first few inches of a vertical or nearly vertical hole have been drilled. This is 
done to ease the bit rather than suppress dust and is more commonly done in 
feldspar than in quartz. 

After a sufficient number of holes have been: drilled in a face, blasters place the 
proper amount of explosive in each hole, and the shots are fired. After a lapse of 
at least one-half hour, an examiner and the mine manager or superintendent exam- 
ine the site to find out if any of the shots have been left unfired. The half-hour 
interval is supposed to be sufficient to clear the air of dusts and fumes resulting 
irom the blasting. Occasionally at this stage natural ventilation is supplemented 
by the use of compressed air blowing into the drift. 

After it has been ascertained that all the shots have been fired, scalers, with 
hammers and chisels, remove loose rock from the face, roof, and walls to prevent 
later rock falls. They also chisel out exposed books of mica. Operations of scalers 
resemble those of hand drillers, which, in fact, they are when not scaling. Scaling 
may begin immediately after the examination for live explosive or not for several 
hours thereafter. Scalers and hand drillers work about six hours per shift at these 
operations. 
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During the scaling or shortly thereafter mica selectors select pieces of mica 
which have been dislodged by the previous blasting and scaling. After breaking 
off adhering rock, they throw the mica into shallow metal pans and the remainder 
of the rock to one side of the drift. When all the usable mica has been selected, 
the remainder of the loose rock is raked into other shallow pans, each holding about 
80 Ib. (36 kg.) of rock. The pans are carried to small hopper cars on narrow rails 
which run to a haulage shaft, or they are manually carried to such a shaft. The 
loose rock or debris is hoisted to the surface in metal drums or skips and dumped. 
The usable mica is also hoisted to the surface in drums or sacks. This is only a 
small fraction of the rock which is mined and handled. Mica selection and handling 
of debris are done by muckers, who are exposed to dust for approximately three 
hours per shift. 


Rock.—Pegmatite rock which is mined for its mica may have a composition 
varying from almost pure feldspars to almost pure quartz. It would have been 
virtually impossible to determine the average composition of the pegmatites being 
mined. Therefore, it was decided to take random samples of drillings at the places 
being worked in those mines which were visited. These drillings were screened 


Tas_e 1.—Free Silica Content of ‘Rock Drillings from Mica Mines 


Free Silica 
Sample Content, 


through a 30-mesh screen to remove flakes of mica. This was done because it is 
known that mica is not readily ground by the drill and thus does not materially 
contribute to the dust which might arise from the processing of the rock as a whole. 
Moreover, drilling is not done into large mica deposits, since this would destroy 
any economic value which the mica might otherwise have. 

The samples of rock drillings were analyzed with the use of Talvitie’s phos- 
phoric acid technique.* These results, given in Table 1, were confirmed by labora- 
tories of the United States Public Health Service. It will be noted that the quartz 
content of the drillings varied from 11 to 67%, with a median of 42%. 

Visits to a number of mines disclosed that in some the workings were all quite 
dry. In other mines some of the workings were dry and some moist. In still others 
all the workings were moist. In moist workings the rock varied from being slightly 
damp to being so wet that water seeped out. 


Dust Control.—aAt the time of this investigation, prior to Jan. 1, 1953, some of 
the mines were still doing pneumatic drilling with no dust control. No mechanical 
ventilation was provided in any of the mica mines. The volume of air released from 


3. Talvitie, N. A.: Determination of Quartz in Presence of Silicates Using Phosphoric 
Acid, Analyt. Chem. 23:623, 1951. 
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one pneumatic drill is approximately 100 cu. ft. (2.8 cu. m.) of free air per minute. 
Since the average working has a cross section area of about 35 sq. ft. (3.25 sq. m.), 
the average air velocity produced by the air released from a drill is approximately 
3 ft. (9 cm.) per minute, a rate insufficient to carry a dust cloud away from the 
drillers. 

In some of the mines where water is not readily available, dust traps are being 
introduced. The dust trap consists of a short piece of heavy rubber tubing about 
4 in. (10 cm.) in diameter, near one end of which is a slit rubber diaphragm through 
which the drill bit is passed. Air is exhausted from the tube by means of a com- 
pressed air-operated Venturi aspirator. The air enters the tube between it and the 
face, the exhausted air passing through a cloth bag which hangs from the equip- 
ment. This bag has approximately 10 sq. ft. (0.9 sq. m.) of filter area. The filtered 
air returns to the atmosphere near the drillers. In another type of dust trap 
observed, the filter bag is replaced by a group of stocking filters within a metal 
housing at some distance from the drillers. The filter area in this equipment was 
also found to be approximately 10 sq. ft. Emptying of the filter bags was done on 
the floor of the tunnel after each one to two shifts. 

It was observed that wet drilling was the method most frequently adopted for 
the control of dust from drilling. The flow of water is caused either by gravity, 
the tank of water resting at the surface, or by air pressure, in which case the tank 
of water was near the drilling station. Some 50 to 100 gal. of water are required 
for the drilling done by one gang of drillers per shift. 

Hand drilling is done with no dust-control measures. Scaling is also done with 
no control measures for the suppression of dust. 

Mucking is done with no intentional dust control. In such mines where the rock 
is moderately wet, the pile of debris after blasting remains wet during the selection 
of mica and the mucking, and thus the dustiness is allayed to a degree. 

Dust Exposure. 


In order to determine the exposure to dust to which the vari- 
ous occupational groups are subjected, nine typical mines, selected by the Senior 
Inspector of Mines, were visited. By observation and inquiry for each category of 
employees, estimations were made of the numbers of hours spent at various tasks. 
Average dust concentrations of the air breathed during the performance of these 
tasks were also determined. 

Dust samples were taken in the breathing zones of workers. each for periods 
of up to 10 minutes, by means of the midget impinger. Williams’ method of count- 
ing * was used. 

The dust counts found in each occupation are given in Table 2. It can be seen 
that uncontrolled pneumatic drilling gave rise to average dust concentrations of 
from 600 to 1,000 million particles per cubic foot of air (mppef), depending on 
whether dry or moist rock was drilled, and that the use of a dust trap reduced the 
dustiness by from 47 to 51%. Wet drilling reduced the dustiness by more than 
99%. Hand drilling and scaling produced dust concentrations averaging 60 mppef 
and mucking 40 mppef. However, mucking of moist rock produced dust concen- 
trations averaging only slightly above 5 mppef. 

At two faces, one of dry rock and the other of wet rock, an opportunity was 
afforded to collect air samples for dust counts under three different experimental 


4. Williams, C. R.: A Method of Counting Samples Taken with the Impinger, J. Indust. 
Hyg. & Toxicol. 21:226, 1939. 
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working conditions, namely, pneumatic drilling without control, pneumatic drilling 
with the use of a dust trap, and pneumatic wet drilling. The results of these dust 
determinations are given in Table 3. These results indicate that the reduction in 
dustiness in these controlled experiments at these two specific locations, where all 
other conditions were identical, was 61 to 69% by the use of a dust trap and again 
more than 99% by the use of wet drilling. 


TABLE 2.—Dust Counts at Various Occupations in Mica Mining 


Dust Counts, Mppef 


No. of 
Occupation Samples Range Mean 


Mechanical (pneumatic) drilling 
No control 
Dry rock f 630-1,700 
Moist rock Pe 3 380-1,000 
Dust trap 
350-610 
28*-490 
110+-490 
Wet drilling 
4.7-9.2 
Moist rock 3.0-23 
Hand drilling and scaling 
Dry rock 24-3003 
Moist rock 9-43 
Mucking 
15§-210]] St 
2 3.5-7.0 5.3 
4 1.3-11 3.8 


*One dust count of 28 mppef was obtained while drilling with the use of a dust trap. The rate of 
drilling was 3% in. (9 em.) per minute as compared with the usual drilling rate of 5 to 12 in. (12.7 to 30 em.) 
per minute. 

+ Results obtained after discarding the dust count of 28 mppef. This does not affect the value of the 
mean materially. 

} Less than one hour after blasting. 

§ Work done 12 hours after blasting. 

| Work done one hour after blasting. 


TaBLe 3.—Comparative Dust Counts at Two Different Types of Rock Faces 
Under Different Working Conditions 


No. of Range, 
Mechanical (Pneumatic) Drilling Samples Mppet 
Dry rock 
Wet drilling f 4.7-9.2 
Dust trap f 350-610 
No control 1,700 
Moist rock 
Wet drilling 3.8-5.9 
Dust trap er 310-490 
No control 1,000 


When a sufficient number of dust counts for each occupation was obtained, the 
mean count for each was multiplied by the fraction of the shift to which the par- 
ticular occupational group was exposed. These products, termed the “average daily 
exposure to dust,” are shown in the last column of Table 4. Thus, it will be noted 
that while pneumatic drillers who used no dust control were exposed to an average 
of 400 mppef those who used a dust trap were exposed to 200 mppef and those who 
did wet drilling to but 3.5 mppef. Hand drillers had an average dust exposure of 
45 mppef and muckers of 15 mppef. 
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Mean, 
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Comment.—It is generally agreed that the average daily exposure to dust which 
arises from operations performed on rock that is high in free silica should not exceed 
5 mppef when the methods of collection and counting described in the previous 
section are employed.* 

It is apparent from Table 2 that there was no operation in mica mining in which 
the average dust count was less than 5 mppef. As shown in Table 4, pneumatic 
wet drilling, since it is done for only four hours per day, is safe from the point of 
view of the health hazard due to dust and is the only form of drilling that is safe. 
Similarly, mucking of wet rock alone is a safe operation, but generally muckers 
handle dry as well as wet rock and, on the average, are exposed to concentrations 
of dust which are above the safe level. 

It should be noted that the presence of water in the rock that is being worked 
has an effect on the dustiness of the air while the miners are working those rocks. 
The presence of water is not, however, sufficient to give adequate control in drilling 
unless enough additional water flows through the drill bit. 

Wet drilling of moist rock gave two dust counts of 22 and 23 mppef. No other 
count during wet drilling, either of dry or of moist rock, gave a dust count in excess 


TABLE 4.—Dust Exposure by Occupation of Mica Miners 


Average Hours per Average Daily 
Dust Count, Day of Exposure to 
Occupation Mppet Exposure Dust, Mppef 
Mechanical (pneumatic) drilling 
Hand drilling and sealing.............. 60 6 45 


of 10 mppef. During the wet drilling which produced one of the high counts, it 
was found that the rate of flow of water through the drill bit was only 0.12 gal. per 
minute. The recommended minimum rate of water flow is 0.75 gal. per minute.* 
Most of the counts were made during drilling with adequate amounts of water. 

Dust traps have been used successfully elsewhere as a means for the control of 
dust during pneumatic drilling. For such effective control air must flow into the 
hood surrounding the drill bit at a rate above a specified minimum; this air flow 
must not decrease materially as the filter becomes filled, and the filter must have an 
efficiency adequate to return reasonably clean air to the working atmosphere. From 
the fact that dust traps were only about 50% efficient, it may be concluded that 
one or more of the requirements were not met. No study of the characteristics or 
operation of the dust traps was made in this survey. It is of interest to note that 
none of the drillers who were medically examined gave an occupational history of 
ever having done pneumatic drilling with a dust trap. 


5. Owings, C. W.: Methods of Allaying Dust in Underground Mining Operations, R. 1. 3631, 
U. S. Department of the Interior, Bureau of Mines, 1942. Urban, E. C. J.: The Control of 
Certain Health Hazards Encountered in Underground Metal Mines, Am. Indust. Hyg. A. Quart. 
11:201, 1950. 

6. Rules Relating to Control of Silica Dust in Rock Drilling, Industrial Code Bulletin 33. 
State of New York Department of Labor, 1937. 
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MEDICAL SECTION 


Methods.—The medical phase of this study was limited to an evaluation of the silicosis prob- 
lem. Figure 1 is a copy of the form used for recording the medical data. It will be observed from 
this form that in addition to the basic historical data, such as name, age, sex, and name of 


MICA STUDY 
Medical Exeminatio Form 
Case No. sate 
Address 
Sex MF 


Name 
Birthplace 
Name of employer 
Ticket No. 


OCCUPATIONAL HISTORY 
Specific jo Dept., industry, or Time in’ Remarks 
firm name years 


Age 


Total underground 
er, No. of years w jackhammer No. of years 


wet drilling No. of years with dust trap 
SYMPTOMS 
Cc io-respiratory;: dyspnoea Y N oedema Y N chest 
discomfort Y N 
cough YN expectoration YN hemoptysis Y N 


PHYSICAL EXAMINATION a 
Nutrition G P resp. rate /min, temperature F. 
Lungs; auscultation NA 

heart sounds: Ae) = 
murmurs Y N syst; dias of. apic. basal 


rhythm irregular Y N 
pulse rate oedema of ankles Y N 


X-RAY INTERPRETATION 
Film condition GF P 
Lung field markings-normal Heart or aorta enlarged 12 3 

linear 1 2 Diaphragm adh. YN oblit 
angles 

GG 1 2 TBC infiltr. YN 

nod 12 

conglan 


Blood smear 


Diff. W.B.C. y-polys % 
m. polys % 
lymphos % 
monos 
eosinos 
— Signature 


Fig. 1.—Medical form used in survey. 


current employer, and the occupational history, data were sought on the conditions of the heart 
and lungs. 

To assist in this evaluation, chest x-rays on 11 by 14 in. (28 by 35.5 cm.) films were made 
using appropriate voltage and exposure time at 6-ft. (183 cm.) skin-target distance. All the 
x-rays were interpreted for the presence and degree of pulmonary dust effect, the presence of 
tuberculous infiltration, and the configuration of the heart shadow. 
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All the medical examinations were made at two hospitals, one in Kodarma and the other in 
Giridih (Bihar). The workers to be examined, after being selected by the Senior Mine Inspector, 
were transported to the examination sites in trucks by the mine supervisory staff. The original 
basis for the selection was that all available pneumatic drillers with relatively longer periods of 
continual employment should be examined. Subsequently, it was decided to include other miners 
as well if they had had relatively long periods of employment underground. It appears to have 


been unlikely that self-selection was made by the miners for symptoms of illness that they might 
have had. 


Results—General Data: There were 329 mica miners, all males, who were 
examined. No women had been employed underground since at least 1945, when 
- India ratified the International Labor Office Convention in regard to the employ- 
ment of women in underground work. 


TaBLe 5.—Distribution of Examined Mica Miners According to Total Number 
of Years Worked Underground 


Time, Yr. Per Cent 


18.2 


TABLE 6.—Distribution of Examined Mica Miners by Age and Present Occupation 


Pneumatic 
Drillers with Pneumatic 
No Dust Control Wet Drillers Hand Drillers Muckers 


47 


104 62 89 321* 
(20.6%) (32.3% (19.3%) 27.7%) 


* For eight of the miners data for present occupation were not obtained. 


The age distribution of the workers was as follows: There were 129, or 39.3%, 
between the ages of 20 and 29 years; 139, or 42.4%, between 30 and 39 years; 38, 
or 11.5%, between 40 and 49 years, and 14, or 4.2%, between 50 and 59 years. 

The miners generally came from families whose traditional work was farming. 
In fact, many of them owned plots of farm land which they tilled in season, some 
even taking temporary annual leave to do so. Most of the men began their mining 
experience at a relatively young age and started with the more menial tasks above- 
ground ; then later they entered underground work. Table 5 shows the distribution 
of the miners examined by the number of years that they had worked underground. 
Most of the men (84.2% ) had spent six or more years underground in mica mines. 
Only two men had previously worked in other types of mines, and this possibly 
complicating factor may be disregarded for present purposes. 

The distribution of the miners examined according to occupation at the time of 
the survey appears in Tables 6 and 7. It will be observed from these tables that of 
the 321 for whom data in this regard were obtained 66, or 20.6%, were pneumatic 


1 to 5 
6 to 1 
ll to 1 
TO 329 
22 33.3 45.2 20 32.2 39 43.8 
31 47.4 49 47.0 28 45.0 28 31.5 
8 12.1 6 5.8 9 14.5 12 13.5 
5 7.6 1 1.0 0 7 7.9 
0 1 1.0 5 8.1 3 3.4 
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drillers who worked without dust control; 104, or 32.3%, were pneumatic drillers 
who did wet drilling; 62, or 19.3%, were hand drillers, and 89, or 27.7%, were 
classed as muckers. Of each group of pneumatic drillers, about 85% had worked 
at the same occupation for 5 years or less, and only one had so worked for 11 years 
or longer. Of the hand drillers and muckers, about 75% in each category had been 
engaged in the same occupation for 6 years or longer, and 25% of the hand drillers 
and 11% of the muckers had been similarly employed for 11 years or longer. The 
age distribution of the miners by present occupation, as shown in Table 6, is in 
conformity with the data just described as to the duration of time in their present 
occupations. 

Chest X-rays: In clinically evaluating the effect of dust upon the lungs, the 
chest x-ray is of paramount importance. This is especially true in exposures to 
dust containing free silica, as in the present study. It is not to be inferred, however, 
that correlative medical data, such as medical history, physical examination, and 
occupational history, are not to be obtained. On the contrary, such data are of great 
significance, especially for differential diagnostic purposes. 


TasLe 7.—Distribution of Examined Mica Miners Accordings to Years 
Spent in Present Occupation 


Pneumatic 
Drillers with Pneumatic 
Years in No Dust Control Wet Drillers Hand Drillers Muckers 
Occupation No. % No. % No. % No. % 
56 84.4 90 86.5 14 22.5 23 25.8 
9 13.8 14 13.5 32 51.6 56 62.9 
1 1.6 0 eons 16 25.8 10 11.2 
66 104 62 89 
(20.6%) (32.3%) (19.3%) (27.7%) 


* For eight of the miners data for present occupation were not obtained. 


All the x-ray films of this survey were read by two physicians who have had 
considerable experience in such interpretations. Films about which there was any 
doubt as to interpretation were carefully reviewed two or even three times until a 
single conclusion was recorded. 

Roentgenographically, the stages of silicosis have been variously described. In 
the present survey the classification used was the one which has been described by 
the Division of Occupational Health of the United States Public Health Service ‘ 
and with which one of us (H. H.) has had considerable experience. In this classi- 
fication the findings are graded according to the intensity of linear fibrosis, appear. 
ance of graininess (ground glass), and, finally, nodulation. Figure 2 graphically 
shows the scheme used to represent the stages in the progression of the pulmonary 
fibrotic state due to silica dust inhalation. 

Generally, films indicated as normal linear exaggeration one and linear exaggera- 
tion two may be considered to be within normal limits or due to lung changes unre- 
lated to the dustiness of the occupational environment. The ground-glass one 
appearance may or may not be due to the dust in the occupational environment. 


7. Renes, L. E., and others: Health of Ferrous Foundrymen in Illinois, Bulletin 31, Federal 
Security Agency, U. S. Public Health Service, 1950. 
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Films showing the ground-glass two appearance, with the history of exposure to 
silica dust and with other medical findings essentially negative, are strongly sug- 
gestive of an effect due to the dust of the occupational environment. Generalized 
nodulation and conglomerate masses of nodules appearing in the roentgenozram, 
together with data of an occupational exposure to silica dust and the other medical 
data, signify lung changes due to the dust. These latter stages (nodulation to con- 


glomeration) are classed as true silicosis. 


Normal lung mark- 


ings and first 
degree exaggera- This is the 
tion of linear range of markings 
pulmonic usually seen on 
tion est 
LINEAR 
4 of persons who 
Second degree have never worked 
exaggeration of 
linear pulmonic in a dusty trade. 
Kings. 
rs egree 7 These are the 
ound glass ty earliest markings 
appearance, not t 4 in the sequence 
obliterating of dust-induced 
linear markings. 7 changes which can 
GROUND be generally 
GLASS 3 differentiated fran 
ground glass that usually 
accompany advancing 
obliterating ave. chronic bren- 
linear markings. Bee 
chitis & heart failure. 
First degree 
disseminated 
nodules up to 
size of miliary Cases with nodular 
be agnos as 
NODULAR Second degree stage one or stage 
disseminated two silicosis. 
nodules exceeding 
one millimeter 
in size. 
CONGLOMERATE- 
COALESCENT May be diagnosed 
CONGLOMERATE as conglanerate 
SHADOWS 


silicosis. 


Fig. 2—Scheme representing the sequence of lung-field markings in a typical case of uncom- 
plicated silicosis. 


One of the local endemic diseases which must be considered in the differential 
diagnosis of nodular silicosis in India is tropical eosinophilia (“eosinophilic lung” ). 
This disease, which is characterized in part by a very high percentage (40 to 
80% ) of circulating eosinophiles, is not infrequently associated with a chest roent- 


genogram that simulates the nodular one stage of silicosis.* In the present survey 


8. Ball, J. D.: Trepical Pulmonary Eosinophilia, Tr. Roy. Soc. Trop. Med. & Hyg. 44:237, 
1950. Frimodt-Moller, C., and Barton, R. M.: A Pseudo-Tuberculous Condition Associated with 
Eosinophilia, Indian M. Gaz. 75:607, 1940. Leishman, R. W. D., and Kelsall, A. R.: A Year of 
Military Medicine in India, Lancet 2:231, 1944. 


, 
= 


430 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


there were four miners whose roentgenograms were typical of nodular one silicosis 
who had more than 35% of circulating eosinophilic polymorphonuclear leucocytes. 
Because of the high eosinophile percentages, it was considered that their cases might 
have been eosinophilic lung rather than nodular silicosis; therefore, they were 
discarded from our series. All figures hereafter quoted in this report exclude these 
four miners. 

There were 329 mica miners whose examinations and chest x-rays were com- 
plete. As shown in Table 8, of this number 51, or 15.5%, showed lung x-ray 
markings of linear exaggeration two or lower values ; 57, or 17.3%, showed ground- 
glass one markings; 109, or 33.3%, showed ground-glass two markings; 78, or 
23.7%, showed nodular one stage of silicosis; 20, or 6.2%, showed nodular two 
stage of silicosis; and 14, or 4.2%, had conglomerate silicosis. Thus, there were 
112, or 34.1%, who had nodular or conglomerate silicosis. 

The pertinent literature revealed that a similar survey for lung disease among 
mica miners was made by the United States Public Health Service.® In that survey, 
in which all the techniques used were the same as in the present study, it was 
reported that 3.6% had nodular or conglomerate silicosis. 


Tas.e 8.—Distribution of Examined Mica Miners by Degrees of Pulmonary 
Fibrosis Observed by Chest X-ray 


Degrees of Pulmonary Fibrosis 


— 


Linear 
Exaggeration Ground Glass Nodular 
Normal One Two One Two One Two erate Total 
1 48 57 109 78 20 14 329 
0.3 14.6 17.3 33.3 23.7 6.2 4.2 


Pulmonary Fibrosis and Dust Exposure: The relationship of various factors 
in the occupation to the degree of pulmonary fibrosis was studied. The most 
important of the occupational factors in this regard was the “time-intensity.” The 
time-intensity factor, calculated for each worker, was determined by multiplying 
the average daily exposure to dust of a given occupation (from Table 4) by the 
number of years that the worker had spent in the occupation. If he had had several 
occupations in mica mines, the products were added together to result in a total 
time-intensity factor for that employee. 

Time-Intensity Factor and Degrees of Pulmonary Fibrosis: All the miners 
examined were divided by degrees of pulmonary fibrosis into three groups. All 
those that had x-ray readings of ground glass one or less were placed in one group. 
The second group comprised the miners who had ground-glass two readings of the 
chest x-rays. The last group consisted of those with nodular and conglomerate 
silicosis. Then, for each group an average time-intensity factor, based upon the 
time-intensity factors for each of the men comprising the group, was calculated. 

Table 9 shows the results of analyzing these data by standard statistical methods. 
It will be noted from this Table that the mean or average time-intensity factor 
increases regularly with increasing pulmonary dust effects. The data show that 


9. Dreessen, W. L., and others: Pneumoconiosis Among Mica and Pegmatite Workers, 
Bulletin 250, Federal Security Agency, U. S. Public Health Service, 1940. 
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there is less than 1 chance in 200 that the difference between the first two groups 
(ground glass one or less compared with ground glass two) is accidental. The dif- 
ferences between the other groups are such that the possibility of their having 
occurred by chance alone is less than 1 in 1,000. Such differences are of high 
statistical significance. 

In Table 10 the effect of the time-intensity factor on frequency rates of silicosis 
is shown, with emphasis placed on ranges of time-intensity. The rates are calcu- 
lated on the basis of the total number in the diagnostic group. Thus, 21% of those 
with nodular and conglomerate silicosis had a time-intensity factor of dust exposure 


TABLE 9.—Correlation Between Pulmonary Dust'E ffect and “Time-Intensity” 
Factor of Dust Exposure 


Difference 
_of Means _ 
Mean Standard Standard 
Degrees of Time- Standard Difference Error of Error of 
Pulmonary Fibrosis Intensity Deviation of Means Difference Difference 
Ground glass, one or less (108 cases).... 497 460 } 
219 2.61 
Ground glass, two (109 cases)............. 716 7449 
, 389 125 3.11 
Nodular and conglomerate (112 cases).... 1,105 1,082 
608 lll 5.48 
Ground glass, one or less*................ 497 460 


* Horizontal Line 1 is repeated on Line 4 for ease of comparison with the adjacent line of figures. 


TaBLeE 10.—Distribution of Mica Miners by Exposure to Dust Expressed as Time-Intensity 
Factor, According to Pulmonary Fibrotic Effect 
(Percentage Rates Calculated on Total in Each Diagnostic Category) 


Pulmonary Fibrosis 


Ground Glass, Nodular and 
One or Less Ground Glass, Two Conglomerate 

Time-Intensity Factor No. % No. % No. % 
39 36 37 34 23 21 
43 40 34 31 28 25 
26 38 35 55 49 
AbOVE 3,200 .....cccccccccccce 0 0 0 0 6 5 
WOE ocsncasccreicciages 108 100 109 100 112 100 


of up to 200, whereas 54% of the same group had a factor of over 800. Not shown 
in the Table, because of necessary coarse grouping, is the fact that five cases of 
nodular silicosis were found among the miners whose time-intensity factor of 
exposure was less than 100, and in most of these it was 90. These five represent 
only 4% of all the silicotics and only 1.5% of all the miners. The data suggest that 
the recommended time-intensity factor for prevention of silicosis should not exceed 
100, a figure which would correspond to 5,000,000 particles per cubic foot of air, 
combined with an estimated span of 20 years of exposure. 

Table 11 shows the same data in which the frequency rates were calculated on 
the basis of the total number of men in each time-intensity factor range. This 
table indicates that of all the miners who fall in the time-intensity range of up to 
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200, 23% had silicosis, whereas of those whose time-intensity was 201 to 800, 27% 
had silicosis. Of those who were in the range of 801 to 3,200, 46% had the disease : 
finally, 100% incidence was found among the miners whose time-intensity exposure 
was over 3,200. Again, it can be seen that there is a progressive increase in fre- 
quency rates of silicosis with increase in time-intensity factor, until a rate of 100% 


TIME IN ITY LEVELS 
<201 


201-800 
800-3200 
>3200 


LEVEL GROUPS 


TIME-INTENSITY 


A 
“801-3200 
201-800 


~ 


<201 


WITHIN 


801-3200 


v 
— 


20 


/ 


[ >3200 
° "1 


GROUND GLASS GROUND GLASS NODULAR AND 
ONE oR LESS Two CONGLOAERATE 


PULMONARY FIBROSIS 


Fig. 3.—Distribution of mica miners by exposure to dust expressed as time-intensity factor, 
according to pulmonary fibrotic effect. 


INCIDENCE 


is reached in the small group of six persons who had time-intensity levels of over 
3,200. These data are shown graphically in Chart 3. 

Maximal Dust Exposure and Pulmonary Fibrosis: As was observed in Tables 
2 and 3, pneumatic drilling without dust control was the occupation which was 
associated with the highest level of dust exposure by far. Since this single occupa- 
tion might have been the greatest contributing cause for silicosis in a number of 
cases, the data were analyzed to test this matter. 
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The data were arranged according to whether the miners had or had not ever 
done pneumatic drilling without control. Of the 152 who had done such drilling 
during their working careers, 44% had nodular or conglomerate silicosis. Of the 
177 who had never done such work, the frequency rate for silicosis was 25%. 
Statistical analysis applied to these data proved that the difference in the rates for 
silicosis in the two groups was of high significance. 

This interesting finding suggested the need for studying the factor of time in 
the occupation in which there had been the greatest dust exposure. Accordingly. 
as shown in Table 12, all those who had ever done pneumatic drilling without dust 


Taste 11.—Distribution of Mica Miners by Exposure to Dust Expressed as “Time-Intensity’ 
Factor, According to Pulmonary Fibrotic Effect 
(Percentage Rates Calculated on Total Number in Each Time-Intensity Range) 


Pulmonary Fibrosis 


Ground Glass, Nodular and 
One or Less Ground Glass, Two Conglomerate 
Time-Intensity Factor No. % No. N No. % 


26 22 38 32 55 46 
0 0 0 0 6 100 


TABLE 12.—Distribution of Pneumatic Drillers Without Dust Control as Occupation in Whici 
There Had Been Maximal Dust Exposure and Years in That Occupation, 
According to Incidence of Nodular Silicosis 


Nodular and Conglomerate Silicosis 


Time in Years Number Per Cent 


control were sorted out by time spent in that occupation and by the incidence oi 
nodular and conglomerate silicosis. 

It will be noted that there is a progressive increase in the incidence of silicosis 
with increase in the time spent in uncontrolled pneumatic drilling. However, the 
number who had done such drilling for longer than five years was too small for 
statistical analysis. Of special interest is the fact that the group that had done 
uncontrolled pneumatic drilling for up to but not more than five years had an 
average of 2.3 years in that occupation. Nevertheless, 39.5% of them had nodular 
or conglomerate silicosis, confirming the concept that pneumatic drilling without 
dust control is a most hazardous occupation from the point of view of the responsi- 
bility for causing silicosis. The elevated silicosis rate for such short lengths of time 
of occupational exposure is unusual, but it is not remarkable in view of the high 
level of dustiness of the occupation and the high silica content of the rock from 
which the dust originated. 
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Pulmonary Tuberculosis—The relationship of silica dust inhalation and of 
silicosis to pulmonary tuberculosis is amply discussed in the literature.’° In the 
present survey there were 61 miners, or 18.6%, who had roentgenographic evidence 
of pulmonary tuberculosis, in part confirmed by clinical data. Classifying their cases 
by extent of involvement, according to the criteria of the United States National 
Tuberculosis Association,"' it was found that the cases of 27 of the 329 mica miners, 
or 8.2%, were incipient cases; those of 21, or 6.4%, were moderately advanced 
cases; and those of 13, or 4.0%, were advanced cases. Dividing them according 
to their clinical activity or inactivity, based upon characteristics of the x-ray 
shadows as well as upon clinical data which included a single examination of the 
sputum specimen, it was found that of the 61 cases of pulmonary tuberculosis 40, 
or 66%, were clinically active, and 21, or 34%, were inactive. 

These frequency rates were very high. Ukil '* cites figures for unselected popu- 
lation groups in India of 2 to 5% for urban areas, 1 to 2% for semirural areas, 
and 0.5 to 1.0% for rural areas. Ukil also quotes data from two tuberculosis sur- 
veys among industrial workers in the Calcutta area in which incidences of 4.3 and 
7.0% were the rates found. In a recent survey which was made by the Chief 
Adviser Factories of 158 chromite and magnesite miners in the State of Mysore ™* 
and in which the techniques used were the same as in the present survey, a rate of 
0.7% was found for pulmonary tuberculosis. In that survey the exposure to silica 
dust was of a very low order of magnitude. 


SUMMARY AND CONCLUSIONS 


A survey of the problem of free silica exposure and silicosis in mica mining 
in Bihar, India, is reported. In the survey medical examinations were made of a 
representative sample of 329 miners, including chest roentgenograms on 11 by 14 
in. films. The chemical nature of the rock dust, as well as the enumeration of the 
degree of dustiness of the mining operations, was determined. The following sig- 
nificant observations were made: 

1. The rock dust to which the miners were exposed varied in silica content from 
11 to 67%, with a median of 42%. 

2. The degree of dustiness varied from one occupation to another and was 
highest (an average of 800 mppef) for pneumatic drilling done with no dust-control 
measures and lowest for wet drilling (an average of 7 mppef). 

3. Nodular and conglomerate silicosis was found in 34.1% of the examined 
miners and was directly associated with the degree of dustiness of the occupations 
as well as the duration of time that the miners had worked at those occupations. 


10. Cummins, S. L.: The Augmentation of Action of Anthracite and Other Dusts by Dead 
Tubercle Bacilli, Brit. J. Exper. Path. 21:64, 1940. Hollon, H.; Sprick, M.; Conroy, E., and 
Wilson, E.: Silicon Dioxide in Guinea Pig Inoculation for Tuberculosis, Am. Rev. Tuberc. 
46:568, 1942. Vorwald, A. J., and Delahant, A. B.: The Influence of Silica on the Natural and 
Acquired Resistance to the Tubercle Bacillus, Am. Rev. Tuberc. 38:347, 1938. Sen, P. K.: 
Pneumoconiosis in South Wales Coalminers and Its Relation to Tuberculosis, J. Indust. Hyg. & 
Toxicol. 19:225, 1937. 

11. Diagnostic Standards and Classification of Tuberculosis, New York National Tuberculosis 
Association, 1940. 

12. Ukil, A. C.: Tuberculosis in India, Proceedings of the Fourth International Congresses 
on Tropical Medicine and Malaria, Washington, D. C., 1948. 
13. Health of Workers in Chromite Mining, unpublished data. 
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4. Pulmonary tuberculosis was found in 18.6% of the miners. 
A series of recommendations was made which will materially assist in removing 
the hazard of pulmonary disease in mica mining. 


RECOM MENDATIONS 


The following recommendations were made: 1. Only wet drilling should be 
permitted pending an investigation of the reasons for the ineffectiveness of the dust 
traps. Wet drilling should be done with a minimum flow of water through the drill 


of 0.75 gal. per minute, the water being turned on before the air to the pneumatic 
drill. 


2. Wet drilling in excess of four hours per day per driller should not be per- 
mitted unless sufficient mechanical ventilation, either exhaust or supplied, is pro- 
vided to reduce the dust concentration during drilling to below 5 mppef. 


3. After blasting and completing the examination for unfired shots, the face, 
walls, roof, and floor of the working and the loose rock at and near the site of 
blasting should be thoroughly wetted. 


4. There should be an interval of several hours between the time of wetting 
down the section blasted and the loose rock and the time that scalers, mica selectors, 
and muckers are permitted to enter and begin work in the section. 


5. Hand drilling should not be done without providing sufficient mechanical 
ventilation to maintain a dust concentration below 5 mppef in the breathing zone 
of the workers. 


6. A medical control program should be considered which should include peri- 
odic chest x-rays for selected groups of mica miners. 
The Chief Inspector of Mines of the Ministry of Labor and officials of the hospitals at 


which examinations were made were among the many persons, agencies, and groups who assisted 
with or cooperated in this survey. 
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SOME PHYSIOLOGICAL EFFECTS OF DISULFUR DECAFLUORIDE (S:F.) 
AFTER INTRAVENOUS INJECTION IN DOGS 


A Note on Its Toxicity to Rabbits 


J. PALMER SAUNDERS, Ph.D. 
MILTON SHOSHKES, M.D. 
MICHAEL R. DECARLO, Ph.D. 
AND 


ERNEST C. BROWN, M.D. 
ARMY CHEMICAL CENTER, MD. 


ULFUR hexafluoride (SF¢) finds considerable employment as an insulator in 
high-voltage work. This very inert fluoride of sulfur is the principal product 
of the combustion of sulfur in fluorine gas, but other products are formed, some of 
which are quite poisonous. Thus in the commercial production of SF¢, the result- 
ing gas mixture contains S2F2, SF4, and S2Fi9 among others, and provision must 
be made to prevent leakage into the air until purification procedures can be applied.’ 
One of the most poisonous impurities found in the crude gas mixture is disul- 
fur decafluoride (S2Fi9), a colorless, mobile liquid with a density of 2.08 gm/ml. 
at 0 C. It boils at 29 C. and has an appreciable vapor pressure even at low tempera- 
tures.2 The compound acts as a primary pulmonary irritant and is three times as 
toxic as phosgene to mice and dogs, producing death by massive pulmonary edema. 
It has been reported * that rats die after exposure to concentrations of 1 ppm of 
disulfur decafluoride for periods of 16 to 18 hours. 


Disulfur decafluoride, unlike more common pulmonary irritants, such as phos- 
gene and chlorine, does not injure the columnar epithelium of the respiratory tract, 
and exposure to the substance is not followed by bronchopneumonia.* 


The work reported here was done in order to obtain information about the 
physiologic effects of parenterally administered disulfur decafluoride. 


Pharmacology Branch, Chemical Corps Medical Laboratories. Dr. De Carlo is now Lieu- 
tenant Colonel, Chemical Corps, United States Army. 


1. Schumb, W. C.: Preparation and Properties of Sulfur Hexafluoride, Ind. & Engin. 
Chem. 39:421-423, 1947. 

2. Denbigh, K. G., and Whytlaw-Gray, R.: The Preparation and Properties of Disulphur 
Decafluoride, J. Chem. Soc. pt. 1, pp. 1346-1352, 1934. 

3. Greenberg, L. A., and Lester, D.: Toxicity of Sulfur Pentafluoride, Arch. Indust. Hyg. 
and Occup. Med. 2:350-352, 1950. 

4. Coon, J. M.; Lushbaugh, C. C.; Lipton, M. A., and Sonkin, L. S.: OSRD 3030, Office for 
Emergency Management, National Research Committee of the Office of Scientific Research and 
Development, 1943. 
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MATERIALS AND METHODS 


Disulfur decafluoride is only slightly soluble in the common solvents, and for this reason it 
was decided to prepare emulsions of the compound by adding measured amounts of S:Fw. to a 
1% aqueous solution of lecithin in isotonic saline and passing the mixture six times through a 
metal hand homogenizer. The emulsion was prepared each day of use and the S2F. content 
estimated colorimetrically by reaction with paraphenylenediamine. The emulsions so prepared 
were then used to determine the L.D.s. of S:Fi. for rabbits of mixed breed and sex and to follow 
the physiologic effects on pentobarbitalized mongrel dogs after intravenous injection of single 
doses (1.0 to 20.0 mg./kg.) and multiple doses (0.25 to 1.0 mg./kg. per dose). Recordings were 
made of blood pressure and respiration (plethysmograph). Samples of venous blood were taken 
at definite intervals to determine hematocrit value,> blood sugar,® serum calcium,? and whole 
blood chloride. Auscultation of the chest was used as a guide to the progress of pulmonary 
edema. Electrocardiogram studies, with the use of three leads, were made on 10 animals. Micro- 
scopic pathology was studied in several dogs. 


TaBLe 1.—Survival Times of Dogs Given Single Intravenous Injections of Disulfur Decafluoride 


Survival 
Dose, Time, 
No. Weight, Kg. Sex Mg./Kg. Min. 
21.3 M 20.0 75 
Discevesudncvecasdcccccsseckbosseteasscdens 22.7 M 10.0 170 (approx.) 
22.2 F 10.0 5.5 
2.4 M 8.0 10.0 
21.4 F 5.0 22.0 
19.5 M 5.0 14.0 
22.2 M 2.0 19.0 
es 23.2 F 2.0 93.0 
13.6 M 5.0" 1.0 


* Approximate. 


RESULTS 
The intravenous L.D.59 of SeFy9 (in the form of the lecithin emulsion) for 
rabbits was found to be 5.79 + 0.61 mg./kg. determined by the method of Bliss.* 
Table 1 summarizes the survival times of dogs given single, intravenous injec- 
tions of the emulsion. 

The administration of a single, large dose of S2Fjo-lecithin emulsion caused 
immediate profound changes. Respiratory, blood pressure, and pulse effects were 
noted within 40 seconds after the injection of the agent. Figures 1 and 2 demon- 
strate typical aberrations noted, showing apnea followed by hyperpnea in regular 
and irregular rhythm as well as Cheyne-Stokes respiration (Fig. 2). The onset 


5. Wintrobe, M. M.: Clinical Hematology, Ed. 2, Philadelphia, Lea & Febiger, 1946. 

6. Benedict, S. R.: Analysis of Whole Blood: II. Determination of Sugar and of Sac- 
charoids (Non-Fermentable Copper-Reducing Substances), J. Biol. Chem. 92:141-159, 1931 

7. Clark, E. P., and Collip, J. B.: Tisdall Method for Determination of Blood Serum 
Calcium with a Suggested Modification, J. Biol. Chem. 63:461-464, 1925. 

8. Schales, O., and Schales, S. S.: Simple and Accurate Method for Determination of 
Chloride in Biological Fluids, J. Biol. Chem. 140:879-884, 1941. 


9. Bliss, C. I.: Determination of Dosage-Mortality Curve from Small Numbers, Quart. J. 
Pharm. & Pharmacol. 11:192-216, 1938. 
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of tachypnea and hyperpnea was nearly always indicative of the appearance of 
pulmonary edema. Auscultation of the chest at these times demonstrated easily 


audible rales and rhonchi, usually localized at first in the dependent or posterior 
lung fields of the supine dog. 


The circulatory system likewise showed the effects of the profound acute shock 
to the organism, typically with a marked fall in blood pressure (Fig. 1) to zero 


Fig. 1.—Male dog given 8 mg./kg. of disulfur decafluoride I.V. Top tracing, time (five sec- 


onds) ; middle tracing, respiration (inspiration down) ; bottom tracing, blood pressure. Pointer 
indicates time of injection. 


levels in the extreme cases, within 40 to 60 seconds after injection of the com- 
pound. Marked bradycardia was seen frequently in this series. 


Hematocrit values in this series ( Fig. 3) always showed an immediate increase, 
never falling below their initial levels and rising to high values at death. Hemato- 
crit volumes of 70% were the usual finding at this point, and in some cases levels 
of 85% were reached. Blood glucose values showed no particular trend in this 
series, while blood calcium remained relatively constant (Fig. 3). 
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Electrocardiographic recordings during eight of the above experiments showed 
few detectable abnormalities. In two experiments, the previously mentioned brady- 
cardia was detected, and though the P-R time was somewhat increased in this 
period, it was still within normal limits. In one of these, a short-lived period of 
abnormal intraventricular conduction with inverted T waves lasting 16 seconds 
was seen, followed by reversion to a completely normal picture within one beat. 
Except for terminal abnormalities, the other electrocardiograms were of the normal 
pattern. 


Fig. 2—Male dog given 5 mg./kg. of disulfur decafluoride IV. Top tracing, time (five 
seconds ) ; middle tracing, respiration (inspiration down) ; bottom tracing, blood pressure. Pointer 
indicates time of injection. 


The studies performed on the six dogs given multiple doses of lecithin-SoF i 
emulsion showed a different picture, two examples of which are portrayed graphic- 
ally in Figures 4 and 5. In contrast with the group given a single large dose, pro- 
found, sudden changes in the circulatory and respiratory systems were absent, and 
only a gradual and progressive course of events was seen. In practically every 
instance, each injection of the agent was accompanied by a transitory drop in the 
heart rate. The blood pressure levels observed during the course of each experi- 
ment were maintained at fairly high levels, though somewhat below each animal’s 
initial level, especially the systolic. 
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The pulse pressure often showed a significant decrease as the effects of the 
agent became prominent. Shock levels were reached terminally. Arrhythmias 
were not observed, but pulsus alternans was noted on two occasions. Gallop rhythm 
was occasionally detected during the terminal phases of several experiments. 
In four of the six dogs in this group (Fig. 5, lower), the onset of audible rales 
occurred simultaneously with the appearance of the tachypnea typical of the onset 


Q 006 5/10/48 WT.I3.6KG. 
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Fig. 4.—Multiple I.V. injections of disulfur decafluoride in the dog. Injections of 0.5 mg./kg 
at 0, 3, 216, 218, 248, and 250 minutes. Injections of 1.0 mg./kg. at 290, 292, 315, and 317 
minutes. Upper, normal blood values: hematocrit, 44.5: chlorides, 772 mg./100 ml.; calcium. 


9.4 mg./100 ml.; glucose, 101 mg./100 ml. Lower, values for respiration, pulse rate, and blood 
pressure. 


of pulmonary edema, but in the remaining two (Fig. 4, lower) there was no rela- 
tion between these observations. The respiratory response to individual injections 
was insignificant or absent, but as the pulmonary edema developed the tachypnea 
became increasingly exaggerated to the extent that in some cases the respiratory 
rate equaled or surpassed the pulse rate. 


200 Us 
* 
cmomors 
8.000 
by 
250 300 
so 200 
' 
| 
\ \ 
| 
\ 
| \ 
| \ | Pe 
4 | \ 
\ 
V \euse 
200 i 
2 sof 
s 


442 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


The hematocrit values demonstrated at first a slow rise shortly after the initial 
dose of the agent and then maintained this moderately elevated level until a rapid 
ascent heralded the impending death of the animal. Blood calcium and chlorides 
remained steady at all periods of observation (Fig. 4, upper). Blood glucose always 
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Fig. 5.—Multiple I.V. doses of disulfur decafluoride in the dog. Injections of 0.5 mg./kg. at 
0, 3, and 75 minutes. Injection of 0.25 mg./kg. at 50 minutes. Upper, normal blood values : 


hematocrit, 35.5; glucose, 68.0 mg./100 ml.; chlorides, 732 mg./100 ml. Lower, values for 
respiration, pulse rate, and blood pressure. 


showed a transient hyperglycemia, beginning within 60 minutes from the time of 
the initial injection and reaching its peak within 120 minutes. After the initial 


hyperglycemic response, no further similar responses could be elicited by later injec- 
tions of yo. 
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largest doses and had the shortest survival time. 


Pathological studies of the experimental animals demonstrated that the out- 
standing lesion in all cases was a massive pulmonary edema which was often hemor- 
Perivascular edema was striking, while the trachea and bronchi were 
entirely normal in appearance. Depending upon the duration of the experiment, 
acute bronchopneumonia or aspiration pneumonia was also found. In several of 
the animals, small very early thromboses were found in the small and medium- 


rhagic. 


Single Dose 


Blood pressure Sudden fall of systolic, diastolic, and 
pulse pressures without recovery to 
original levels 


Heart rate Marked bradycardia at time of injec- 
tion; no tachyeardia at any time 
Respiration Immediate apnea after injection, fol- 


lowed by regular and irregular hy- 
perpnea and tachypnea, Cheyne- 
Stokes respirations; tachypnea with 
onset of edema 


Hematocrit Immediate rise to high levels 


Blood glucose Equivoeal changes 


Blood calcium No change 


Blood chloride 


ECG Bradyeardia and terminal anoxic 
changes 
Pathology Fulminant pulmonary edema; endo- 


thelial damage to the cardiovas- 
cular system: exudative and pro- 
liferative changes in glomeruli re- 
sembling early acute glomerulo- 
nephritis 


sized pulmonary vessels, with degenerative changes in the endothelium. Endo- 
thelial damage was also found in two dog hearts, with subendothelial hemorrhages 
in various chambers. No damage to coronary vessels was found. 

Subtle exudative and proliferative changes were found in the glomeruli of the 
experimental animals. These changes resemble early acute glomerulonephritis, with 
cellular, ischemic glomerular loops plus endothelial damage and an increased num- 


ber of polymorphonuclear leucocytes. 


COMMENT 


In determining the mechanism of action of disulfur decafluoride upon the intact 
animal, it is necssary to define the role played by the fluoride component of the mole- 
cule. Disulfur decafluoride decomposes in contact with body tissues to yield some 
free hydrogen fluoride, and the possibility arose that the free fluoride was respon- 
sible for some of the toxic action of this compound. Acute fluoride poisoning in 
animals is known to produce respiratory and circulatory changes somewhat similar 


AL—EFFECTS OF DISULFUR DECAFLUORIDE 


No electrocardiographic abnormalities were noted among the dogs of this series. 

Death in practically every dog in both groups was signaled by a sudden gush 
of serous or slightly sanguineous serous fluid from the nose and mouth which 
clotted shortly after standing. In all cases, pulmonary edema was the cause of death. 
It was noted that the most marked edema was found in the dogs that received the 


TABLE 2.—Acute Changes in the Dog After Fatal Intravenous Doses of Disulfur Decafluoride 
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A summary of the acute changes after single 
doses and after repeated small doses is given in Table 2. 


Repeated Small Doses 
Very gradual falls in systolic and 
pulse pressures, with marked hypo- 
tension only terminally 


Slight bradycardia at time of injee- 
tion; no tavhyeardia at any time; 
pulsus alternans and gallop terminally 


Little or no change at time of injec- 
tion; extreme tachypnea with edema 


Immediate slight rise, with marked 
elevation terminally 


Transient hyperglycemia 


No change 


No change 


Terminal anoxie changes 


Less severe pulmonary edema: endo- 
thelial damage: glomerular changes 
in kidney 
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to those we have described.'® Hypocalcemia '' and a marked, maintained hyper- 
glycemia '* are seen in acute fluoride intoxication. We found no significant varia- 
tions in the blood calcium level regardless of the doses given or the time of survival. 
In experiments with the in vitro incubation of whole blood with disulfur decafluo- 
ride at 37 C., the blood calcium levels showed no significant fall. Although we were 
able to demonstrate a transient hyperglycemia of moderate extent in the experi- 
mental animals, the glucose curves obtained appear to resemble the blood glucose 
peregrination coincident with the release of epinephrine in the circulation in 
response to the “alarm reaction” of the organism to acute shock. The hypergly- 
cemia never duplicated the high, constant levels described for fluoride intoxication. 

Blood glucose curves similar to ours have been described for phosgene-gassed 
animals,'* and since the actions of disulfur decafluoride and phosgene resemble each 
othér in some respects, it is interesting to compare the two compounds. Disulfur 
decafluoride has no action upon the bronchial mucosa in contrast to the necrosis 
of the bronchiolar epithelium occasionally noted in the lungs of phosgene-gassed 
animals. Parenterally administered phosgene in quantities many times the lethal 
respiratory dose causes relatively few symptoms.'* Pure phosgene will fix or “cook” 
tissue locally, and intravenously administered diphosgene produces hematin locally, 
but no other major effects or general poisoning have been described. However, in 
our series of dogs death in every case was caused directly by pulmonary edema, 
despite the wide range of dosages and survival times. Gross inspection of the lungs 
revealed that the most fulminant edemas were seen in those dogs that survived the 
shortest period of time. A previous report * has called attention to the marked peri- 
vascular edema seen in animals gassed with disulfur decafluoride. This phenomenon 
is duplicated in parenterally poisoned dogs as well. 

Though the hemoconcentration curves we have described bear some resem- 
blance to those seen in phosgene-gassed animals, we have never seen the initial 
hemodilution described with phosgene intoxication.'* However, as in the case of 
phosgene, the rate of ascent of the hematocrit readings is the prognostic index oi 
the animal. In a series of dogs given multiple doses, the dramatic rise in the hemato- 
crit reading occurred only shortly before death. This observation was used by us 
as a criterion for dosage administration and was the best clinical test for predicting 
the fate of the dog poisoned with disulfur decafluoride. 

10. Steyn, D. G.: Fluorine Poisoning in Man and Animals, Cape Town, Union of South 
Africa, Cape Times, Ltd., 1938. 

11. Jodlbauer, A.: Der Kalkverlust im Blut bei Vergiftung mit Oxalaten und Fluoriden. 
Arch. exper. Path. u. Pharmacol. 164:464-468, 1932. Goodman, L., and Gilman, A.: Pharma- 
cological Basis of Therapeutics: A Textbook of Pharmacology, Toxicology, and Therapeutics 
for Physicians and Medical Students, New York, The Macmillan Company, 1941. 

12. Handler, P.; Herring, H. E., Jr., and Hebb, J. H.: Effects of Insulin in Fluoride 
Poisoned Rats, J. Biol. Chem. 164:679-683, 1946. 

13. Bruner, H. D., and Coman, D. R.: Fasciculus on Chemical Warfare Medicine, Office 
for Emergency Management, Committee on Medical Research of the Office of Scientific Research 
and Development, 1945, Vol. 2, pp. 234-330. 

14. Tobias, Julian M.: Fasciculus on Chemical Warfare Medicine, Office for Emergency 
Management, Committee on Medical Research of the Office of Scientific Research and Develop- 
ment, 1945, Vol. 2, pp. 331-391. 

15. Swift, M., and Postel, S.: Fasciculus on Chemical Warfare Medicine, Office for Emer- 
gency Management, Committee on Medical Research of the Office of Scientific Research and 
Development, 1945, Vol. 2, pp. 440-483. 
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It is our opinion that the most important lesion observed in disulfur decafluo- 
ride poisoning is the widespread endothelial damage of the cardiovascular system. 
This seems to be the earliest lesion in both respiratory and parenterally administ- 
ered doses. It therefore seems probable that the lung vasculature responds to this 
trauma with perivascular edema, causing anoxia which in turn increases the edema. 
This same type of phenomenon has been described by Drinker in his monograph 
on pulmonary edema with the use of 1-(1-naphthyl)-2-thiourea (ANTU) as the 
toxic agent." ANTU has some similarities to disulfur decafluoride in respect to 
its total pathophysiological effect in susceptible species ; however, the species differ- 
ence in susceptibility, together with the differences in physical properties of the two 
compounds, make detailed comparisons unwarranted. 


SUMMARY 


The effects of parenteral injections of a lecithin emulsion of disulfur decafluo- 
ride were studied in dogs given single and multiple doses of the mixture. The 
L.D.59 of this emulsion for rabbits of mixed breed was found to be 5.79 + 0.61 
mg./kg. of disulfur decafluoride. 

Single, acutely fatal doses of the emulsion exert a profound effect upon the 
circulatory and respiratory systems. Death is caused by a fulminant pulmonary 
edema. 

Repeated small doses of the emulsion, though eventually fatal, exert a more 
gradual effect upon the circulatory and respiratory systems. Death is caused by 
pulmonary edema, though of less severity than in those dogs given single injections. 

The blood hematocrit always rises with disulfur decafluoride poisoning. The 
rate of ascent and the level reached afford good prognostic indices for the poisoned 
dog. 

The major pathological effect of disulfur decafluoride after parenteral adminis- 
tration appears to be diffuse endothelial damage to the cardiovascular system. In 
the lungs, this apparently leads to self-perpetuating edema. The pathological 
changes reported in kidney tubules are probably secondary to anoxic anoxia. 


16. Drinker, C. K.: Pulmonary Edema and Inflammation: An Analysis of Processes 
Involved in the Formation and Removal of Pulmonary Transudates and Exudates, Harvard 


Monographs in Medicine and Public Health, No. 7, Cambridge, Mass., Harvard University 
Press, 1945. 
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DUST SAMPLER WHICH SIMULATES UPPER AND LOWER 
LUNG DEPOSITION 


W. B. HARRIS 
AND 


MERRIL EISENBUD 
NEW YORK 


HERE is considerable evidence that the toxicity of the dusts and fumes of 

many substances varies according to the particle size distribution of the air- 
borne material.! This is probably less true with highly soluble materials. It can be 
explained in part on the basis of increasing solubility with a decreasing size of the 
particles and in part on the difference in relative biological half-life of materials of 
differing particle sizes after entering the body. Thus, particles which are deposited 
in the upper portion of the respiratory tract are rapidly cleared by ciliary action, 
whereas small, relatively insoluble particles which descend into the alveoli are 
removed by phagocytosis and slow solution. A thorough understanding of the hazard 
from inhaled radioactive particles would involve knowledge of (a) the dose of 
radiation necessary to produce cancer of the lung and (b) the fraction deposited 
and the rate of clearance of dust from various portions of the lung. 

A standard calculation for the maximum permissible concentration for radio- 
active dusts uses a biological half-life of 120 days. Such a calculation assumes 
homogeneous distribution of the radiation dose throughout the respiratory surfaces. 
However, it is obvious that the most intense radiation is apt to be received from 
large, highly active particles bombarding that portion of the lung from which dust 
is removed within a matter of a few days (1. e., the upper respiratory tract). Asa 
consequence, a reasonable approach to the evaluation of air-borne dusts, particularly 
radioactive dusts, should be to sample the dust cloud in such a way as to partition 
the material into fractions corresponding to those which would be deposited in the 
upper and in the lower respiratory tract. 


Because of this variation in potential danger with particle size, physiologists 
have studied site of deposition, and various other workers in the field of environ- 
mental health have worked on sampling techniques. Anyone who has attempted to 
define that fraction of an environmental dust cloud which will be selectively retained 
in specific areas of the lung soon encounters the inadequacy of our known sampling 
techniques for field application. In attempting to derive a device which would 


Mr. Harris is Chief, Industrial Hygiene Branch, Health and Safety Division and 
Mr. Eisenbud is Director, Health and Safety Division, New York Operations Office, United 
States Atomic Energy Commission. 

1. Davies, C. N.: Inhalation Risk of Particle Size in Dust and Mist, Brit. J. Indust. Med. 
6:245, 1949. Eisenbud, M.: Retention, Distribution and Elimination of Inhaled Particulates, 
A. M. A. Arch. Indust. Hyg. 6:214, 1952. 
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approximate the respiratory passages in removal of dust or in some manner to estab- 
lish a quick efficient method for determining size spectra, Hemeon * developed the 
helical tube; Yaffe* has described the spiral sampler and May * and others the 
cascade impactor. None of these devices, however, has proved completely satis- 
factory in the field. A definition of the reliability of the cascade impactor was 
presented by Davies,* who demonstrated quite conclusively that the characteristics 
of a solid aerosol are markedly changed in transit through the impactor. Many 
samples which have been taken by this office with the spiral sampler indicate that 
this device, although possessing some merit, is tedious to use and has inherent faults. 

In order to separate dust samples grossly into large and small fractions, the New 
York Operations Office some time ago adopted the use of the Aerotec Tube Design 
2. This device, which is a single unit from a multiple, high-efficiency, industrial 
cyclone dust collector, has previously been used for the sampling of such materials 
as fly ash and other stack particulates. In order that the particle-size selection by 
this device could be defined, efficiency tests were run at the Harvard Air Cleaning 
Laboratory under a variety of conditions.’ When the information was analyzed and 
plotted (Fig. 5), it was apparent that the curve of the Aerotec Tube bore some simi- 
larity to the relative separating efficiency of the upper part of the respiratory system. 
It was therefore decided to study the work of several of the investigators in lung 
retention and to analyze the data on a common, comparable basis. It was hoped 
that with a compilation of these data it would be possible to investigate the action 
of the Aerotec Tube and other dust removal devices and to modify or design one 
which would yield information conforming to some definable physiologic response. 
Thinking along similar lines, Burnett ‘ in a recent work has suggested that on the 
basis of available information a useful sampling device should consist of two parts, 
the first of which obtains a sample similar to that retained by the upper respiratory 
sections and the second extracts the remainder of the particles. 


COMPARISON OF DUST-SAMPLING DATA 


As a first effort in conformance with this concept, we considered the respiratory 
system divided into upper and lower segments in accordance with the upper two 
and lower two sections as defined by Landahl.* In essence, this separates the 
passages into those cleared by ciliary action and those which are not. 


2. Hatch, T., and Hemeon, W. C. L.: 
Indust. Hyg. & Toxicol. 30:172, 1948. 

3. Yaffe, C. D.; Hosey, A. D., and Chambers, J. T.: The Spiral Sampler: A New Tool 
for Studying Particulate Matter, A. M. A. Arch. Indust. Hyg. 5:62, 1952. 

4. May, K. R.: The Cascade Impactor: An Instrument for Sampling Coarse Aerosols, 
J. Scient. Instruments 22:187, 1945. 

5. Davies, C. N.; Aylward, M., and Leacey, D.: Impingement of Dust from Air Jets, 
A. M. A. Arch. Indust. Hyg. 4:354, 1951. 

6. Dennis, R.; Coleman, R.; Silverman, L., and First, M. W.: Particle Size Efficiency 
Studies on the Design 2 Aerotec Tube, Document NYO-1583, United States Atomic Energy 
Commission, 1952. 

7. Burnett, T. J.: Sampling Methods and Requirements for Estimating Airborne Radio- 
Particulate Hazard, Bulletin ORNL-CF-52-11-1, Oak Ridge National Laboratories, Oak Ridge, 
Tenn., 1952. 

8. Landahl, H. D.; Tracewell, T., and Lassen, W. H.: Retention of Airborne Particulates 
in the Human Lung, A. M. A. Arch. Indust. Hyg. 3:359, 1951. 
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On Figure | is plotted the retention curve derived experimentally by Van Wijk 
and Patterson.’ This curve, which was obtained with the use of rock dust of approxi- 
mately specific gravity 2.6, shows per cent retention for the entire respiratory system 
up to 6 w. Also on Figure 1 are plotted in Curve 1 the results obtained by Wilson 
and LaMer *° using a glycerin aerosol containing radiosodium, indicating that portion 
of the particle-size spectrum (with the use of material of unit density) which would 
be retained in the lower area of the respiratory system. Curve 2 is the same curve 
corrected to specific gravity 2.6. Curve 4 is then obtained by subtracting Curve 2 
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Figure 1. 


from Curve 3. This then presumably represents the distribution of 2.6 specific 
gravity material that is removed by the upper respiratory passages. 

Figure 2 is a plot of the data presented by Brown and associates '' from tests 
on various subjects made by measuring the dust returning from the respiratory 


9. Van Wijk, A. M., and Patterson, H. S.: The Percentage of Particles of Different 
Sizes Removed from Dust Laden Air by Breathing, J. Indust. Hyg. & Toxicol. 22:31, 1940. 

10. Wilson, I. B., and LaMer, V. K.: The Retention of Aerosol Particles as a Function of 
Particle Radius, J. Indust. Hyg. & Toxicol. 30:265, 1948. 

11. Brown, J. H.; Cook, K. M.; Ney, F. G., and Hatch, T.: Influence of Particle Size 
upon the Retention of Particulate Matter in the Human Lung, Am. J. Pub. Health 40:450, 
1950. 
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system in the exhaled air. The figure shows Brown’s estimate of the distribution of 
2.6 specific gravity material retained in the upper respiratory passages. 

On Figure 3 is plotted the work of Landahl '* and his associates with material 
of specific gravity 1. Curve 1 represents nasal retention. This curve was obtained 
by subtracting the penetration of values of the nasal penetration curve from unity. 


Figure 6. 


This curve was derived from experimental work on various materials. The second 
curve in the same figure represents retention in the upper 35% of the respiratory 
system without the nose, according to the various fractions studied by Landahl."* 


12. Landahl and others.8 Landahl, H. D.: Removal of Airborne Particulates by the Human 
Respiratory Tract: II. The Nasal Passages, Bull. Math. Biophys. 12:161, 1950. 

13. Landahl, H. D., and Tracewell, T.: Penetration of Airborne Particulates Through the 
Human Nose, J. Indust. Hyg. & Toxicol. 31:55, 1949. Landahl, H. D., and Harrmann, R. G.: 
Retention of Airborne Particulates in the Human Lung, J. Indust. Hyg. & Toxicol. 30:181, 
1948. 
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This curve, together with the curve of nasal retention, should indicate the material 
removed by the upper respiratory system. These two curves are added as shown in 
Curve 3. Curve 4 on the same sheet is Curve 3 corrected to specific gravity 2.6. 


In Figure 5 are assembled the curves which show the size distribution of material 
removed by the upper respiratory system, as defined by these various workers ; all 
curves have been corrected to specific gravity 2.6. Curve 1 represents the work of 
Van Wijk and Patterson after subtracting the lower portion as defined by Wilson 
and LaMer. Curve 2 is taken directly from the studies of Brown, Hatch, and asso- 
ciates ; Curve 3 represents the work of Landahl and associates. 

These plots show surprising agreement, despite wide variations in technique and 
despite the serious questions which may be raised about the validity of lumping the 
various data. On Figure 4 is also shown the performance curve of the Design 2 
Aerotec Tube, as determined by the Air Cleaning Laboratory for dusts of specific 
gravity 2.6, operating at 40 c. f. m.° The close parallel of this curve to the others 
is fortuitous but gratifying. 

On the basis of Figure 5, it is proposed that a Design 2 Aerotec Tube be used 
to obtain a sample of dust which is a reasonable representation of the material 
removed in the upper respiratory area. A filter following such a device would be 
expected to retain, then, the material penetrating into the lower lung. Figure 6 shows 
a sampling device which uses this principle. With this device, samples can be taken 
of large quantities of air containing very low concentrations, such as are found in 
atmospheric dust. The sample is thus automatically divided into two fractions, each 
of which can be analyzed separately. At the present time the variation in toxicity 
with particle size is not clearly defined. When such a definition is available, a 
division according to the pattern described above would prove very useful. 


SUMMARY 


An air-sampling device is described which will obtain a sample of dust in two 
particle-size fractions. The fraction containing the larger particles simulates in 
particle-size spectrum that portion of the material which should be retained by the 
upper part of the respiratory tract. The upper section, assumed to contain approxi- 
mately 35% of the total lung volume, includes those areas having rapid clearance 
rates because of ciliary action. 


Dr. Roy E. Albert assisted in discussion of the manuscript. 
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HE MANUFACTURE of tungsten-carbide-tipped tools is a new, rapidly 

growing industry. These tools are extremely hard, enabling machine opera- 
tions to be carried out with a rapidity unapproached by the best of high-speed steel 
tools. They have an extremely long usable life and possess the peculiar property of 
becoming sharper as they become hotter. Occasional papers in the world literature 
have referred to workers in this industry showing evidence of pulmonary involve- 
ment, but we have been unable to find any detailed case report of this condition. We 
are therefore reporting three cases of workers in the tungsten-carbide industry who 
have shown evidence of pulmonary disease. 


REPORT OF CASES 


Case 1.—This worker was first examined by us on Jan. 31, 1952, because of chronic cough 
and expectoration of sputum since August, 1951. The sputum was clear and mucoid with some 
yellow streaks. It had never contained blood. At first the patient expectorated daily about four 
tablespoons of sputum, but it had decreased considerably in amount since Nov. 9, 1951, when he 
stopped working. He complained also of dyspnea on exertion, but he had had no orthopnea. 
He had had no pleurisy, chills, fever, weight loss, or night sweats. He had had an x-ray of the 
chest taken in 1947 which was negative. The past history and family history were noncon- 
tributory. 

Physical examination revealed a well-nourished and well-developed adult white man, 38 years 
old, 5 ft. 7 in. (170 cm.) tall, weighing 155 Ib. (70 kg.). He did not appear to be in any respiratory 
distress. The nose and throat were clear. The buccal mucous membranes were healthy and pink. 
A few small posterior cervical lymph nodes were palpable. The blood pressure was 150/90, and 
the heart was normal. The chest measured 38 in. (96.5 cm.) at rest, 40 in. (101.6 cm.) on 
inspiration, and 37 in. (94 cm.) on expiration. The respiratory rate was 16. The chest was well 
formed, and the excursions were normal. The lungs were resonant to percussion, and the breath 
sounds were vesicular throughout. There was no change in fremitus, and no rales were heard. 
There was no clubbing, cyanosis, or edema. 

X-rays taken previous to the examination at our office were available and were examined. 
An x-ray of the chest taken on Nov. 7, 1951, (Fig. 1, Left) showed both diaphragm shadows 
smooth. The heart was normal in size, shape, and position. The hilar shadows were prominent. 
A marked increase in the lung markings was noted scattered throughout both lung fields from 
the subapical areas to the bases, extending from the hilus to the periphery. The shadows were 
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soft, evenly distributed, and more prominent in the midlung fields extending out from the hilus, 
with no evidence of nodulation. An x-ray taken on Noy. 21, 1951, showed a moderate increase 
in the previously described markings. There was a tendency to confluence of the shadows, 
especially in the right midlung fields and the left base, which gave the impression of an inflam- 
matory type of reaction. The film taken by us on Jan. 31, 1952, (Fig. 1, Right) showed a marked 
clearing of this process. A lateral view of the chest did not reveal any additional information. 
X-rays of both hands revealed no evidence of bone or joint changes, 

The urinalysis and a Kahn test were negative. The white blood cell count and the differentia! 
count were normal, but the red blood cell count was 6,470,000 and the hemoglobin was 18.15 gm. 
The sedimentation rate (Westergren) was 7 mm. at one-half hour and 31 mm. at one hour. 
An electrocardiogram was normal. 


The patient was admitted to St. John’s Hospital for study. The blood count there revealed 
4,960,000 red blood cells, 15.1 gm. of hemoglobin, 14,300 white blood cells, and a normal dif- 
ferential count. Blood chemistry showed a total protein of 9.1 gm., with 4.3 gm. of albumin and 
4.8 gm. of globulin. The nonprotein‘ nitrogen level was 43 mg. per 100 cc., and urea clearance 
was 107% of normal. Tuberculin test with the use of 0.005 mg. of purified protein derivative 
(PPD) was negative. Gastric washings were injected into a guinea pig on Feb. 14. The guinea 
pig was autopsied on April 25 and was negative for tuberculosis. Sputum examination and 
culture were negative for fungus. 


The results of pulmonary function tests ! were as follows: 


Observed Normal 
Vital capacity (expiration to inspiration) 1,890 ee. 
Vital capacity (inspiration to expiration) 1,850 ee. 
Tidal air 570 ce. 
Maximum breathing capacity 64.8 1./min. 120 1./min. 
Alveolar nitrogen after 7 min. of oxygen breathing 38.64% Less than 2.5% 
Residual air 1,760 ee. 
Total lung vol 3,650 ec. 
Ratio of residual air to total lung vol 418% 


The arterial blood determinations were as follows: 


Resting Exercise 
Carbon dioxide, vol. % 2. 42.5 
Oxygen, vol. % 9.5 17.48 
Saturation of oxygen, % BY 88.3% 


The total lung volume was 70% of normal. Vital capacity was 47% of normal. Alveolar 
nitrogen after seven minutes of oxygen breathing was slightly higher than normal. Residual 
air percentage was slightly increased. Maximum breathing capacity was 54% of normal. 

This man has been kept off work since Nov. 9, 1951. He has been observed at our office at 
periodic intervals since his original examination. He has had virtually no complaints since he 
stopped working. His weight has remained constant, and he has had very little dyspnea or 
expectoration of sputum. Physical examination has been essentially negative. The cervical 
lymph nodes have not been palpable on later examinations. X-ray examinations of the chest 
have not changed particularly since the dramatic clearing noted in the x-ray taken on Jan. 31, 
1952. The patient's blood counts and sedimentation rates have remained within normal limits. 

Case 2.—This worker was examined by us on Jan. 31, 1952. He stated that he had been 
sick with a chronic cough for about one and one-half years. He occasionally expectorated a 
little yellowish or white sputum. He had never had any profuse expectoration or hemoptysis 


1. These tests were done by Dr. Herbert C. Sweet at the James B. Miller Pulmonary 
Research Laboratory of St. Louis University School of Medicine. Normal values were calculated 
from body surface area, age, and sex by the method of Baldwin and others (Baldwin, E. de F.; 
Cournand, A., and Richards, D. W., Jr.: Pulmonary Insufficiency : Physiological Classification ; 
Clinical Methods of Analysis; Standard Values in Normal Subjects, Medicine 27:243, 1948). 
All volume figures have been converted to B. T. P. S. standards (body temperature, 760 mm. 
barometric pressure, saturated with water vapor). 


After 
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He also complained of shortness of breath on exertion. He had never noticed any wheezing or 
orthopnea, but he occasionally had nocturnal dyspnea. He had had no chills, fever, or night 
sweats. His nose would discharge a clear liquid, but he did not have any itching of the nose or 
sneezing. He had had no change in weight in the past year. He did not feel tired or run-down. 
The family history revealed that his father had diabetes. He had had two aunts who died of 
tuberculosis many years ago. 

Physical examination revealed a well-nourished and well-developed adult white man, 40 years 
of age, 5 ft. 8 in. (173 cm.) tall, weighing 144 lb. (65 kg.). There was no evidence of dyspnea 
or cyanosis. Examination of the nose revealed some reddening of the nasal mucosa, but no pus 
was noted. The throat was clear, and the tonsils had been removed. There was no cervical 
lymphadenopathy. The thyroid was palpable, smooth, and not enlarged. The blood pressure was 
118/66, and the heart was normal. The respiratory rate was 16. At rest the chest measured 
35% in. (89 cm.), on deep inspiration 37% in. (94 cm.), and on deep expiration 34% in. (87 cm.). 
The chest was well formed, and the respiratory excursions were normal. The percussion note 
was slightly impaired throughout both lung fields. The breath sounds were vesicular. Occasional 


Fig. 1—Left, Case 1: x-ray of the chest, Nov. 7, 1951. Right, Case 1: x-ray of the chest, 
Jan. 31, 1952. Note clearing here as compared with x-ray at left. 


coarse, dry rales were heard scattered over both lung fields which cleared on coughing. There 
was no change in fremitus. The fingernail beds showed no evidence of clubbing. 

An x-ray of the chest taken in April, 1951, revealed a calcified node in the right hilar region. 
The lung fields were entirely clear. An x-ray of the chest taken Dec. 17, 1951, revealed slight 
elevation of the left leaflet of the diaphragm. Both the costophrenic and the cardiophrenic angles 
were clear. The heart was of the transverse type and not enlarged. There was a large calcified 
node in the right hilar region. The apical areas were both clear. There was a definite increase 
in the perivascular and the peribronchial markings, beginning in both subclavicular areas and 
rather evenly distributed over the lung fields. The increase in markings was of reticulated pat- 
tern and not nodular. It extended well onto the periphery on both sides and down to the 
diaphragm. An x-ray of the chest taken in our office on Jan. 31, 1952, (Fig. 2) showed some 
increase in these markings. Fluoroscopy of the chest revealed some limitation of the excursions 
of the diaphragm. X-rays of both hands did not show evidence of bone or joint abnormality. 

The urinalysis and a Kahn test were negative. The red blood cell count and the hemoglobin 
value were normal, but the white blood cell count was 10,700. A differential smear was normal. 
The sedimentation rate was 6 mm. at one-half hour and 31 mm. at one hour. A nasal smear was 
negative for eosinophiles. An electrocardiogram was normal. 
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The patient was admitted to St. John’s Hospital for study. A white blood cell count in the 
hospital was 6,500, with a normal differential count. Blood chemistry showed a total protein of 
7.7 gm., with 3.9 gm. of albumin and 3.8 gm. of globulin. Tuberculin test with the use of 0.005 
mg. of Purified Protein Derivative was negative. Several sputa and concentrated smears of 
gastric washings were negative for acid-fast bacilli, Sputum examinations and culture were 
negative for fungus. 


hilu 


ig. 2—Case 2: x-ray of the chest, Jan. 31, 1952. Note the large calcified node at the right 
S. 


The results of pulmonary function tests ! were as follows: 


6.1 1./min. 
Maximum breathing capacity 110.9 1./min. 116.1 1./min 
Alveolar nitrogen after 7 min. of oxygen breathing 2.24% Less than 2.5% 
Residual air 2,560 ee. 
Total lung vol 4,380 ee. 
Ratio of residual air to total lung vol 


The arterial blood determinations were as follows: 


Carbon dioxide, vol. % 
Oxygen, vol. % 
Saturation of oxygen, % 


— 
Observed Norma) 
“! Vital capacity (expiration to inspiration).................. 1,820 ee. 4,000 ce. 
‘ Vital capacity (inspiration to expiration)...............+.. 1,820 ce. 4,000 ee. ; 
4 
After 
Resting Exercise 
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The total lung volume was 84% of normal. Vital capacity was 46% of normal. Maximum 
breathing capacity was 96% of normal. Residual air percentage was moderately increased. 
Alveolar nitrogen after oxygen breathing was within normal limits. 

This man has been off work most of the time since Dec. 29, 1951. He has been reexamined 
at our office at periodic intervals, the last time being Dec. 3, 1952. Since he has stopped work. 
he has had virtually no complaints. His weight has remained constant, and he has had no cough, 
expectoration, or dyspnea. Temperature, blood counts, and sedimentation rate have stayed essen- 
tially normal. Repeated x-rays of the chest have shown no particular change in the infiltrations 
in the lung fields. Physical examination is essentially negative at the present time. 

This man was returned to work in January, 1953. Within one week he began to complain 
of dyspnea, cough, and soreness in the chest. He worked four weeks, but his symptoms gradually 
became severer. He was then taken off work, and his symptoms subsided. During all this time 
and subsequently, his x-ray films have not changed in appearance. 

Case 3.—This worker was examined by us on April 8, 1952, for a complaint of dyspnea on 
exertion of gradual onset since the fall of 1950. He had had no orthopnea or ankle edema. When 
he became dyspneic, he would expectorate a white foamy material, with very little mucus. He 
had never coughed up blood or purulent sputum. He had had no chills, fever, sweats, or chest 
pain. He had lost 20 lb. (9 kg.) in an attack of intestinal flu one year ago, but his weight had 
been constant since that time. In June, 1949, an x-ray of the chest was negative. In June, 1951, 
an x-ray showed some increased markings. These were not considered definitely abnormal, how- 
ever, until an x-ray taken in February, 1952, revealed bilateral infiltrations. He had continued to 
work and has believed that in the past six months he had improved somewhat, although he still 
complained of considerable fatigability. The: past history and systems review were noncon- 
tributory. In 1920 the patient’s wife was told that she had tuberculosis. Later she was told 
that she had recovered. 

Physical examination revealed a 51-year-old white man, 5 ft. 9 in. (175 cm.) tall and weighing 
142% Ib. (64.5 kg.). He had a constant nonproductive cough and was short of breath on slight 
exertion. The chest was well formed, measuring 3514 in. (89 cm.) on deep inspiration and 34 in. 
(8 cm.) on expiration. The respiratory excursions were symmetrical but diminished in ampli- 
tude, with a rate of 20 per minute. Percussion revealed some impairment of resonance in both 
upper lung fields. Fremitus was diminished bilaterally. The breath sounds were bronchovesicular 
in both upper lung fields, and a few fine coarse rales were heard over both upper lung fields. 
The heart was normal, and the blood pressure was 120/80. There was no clubbing, cyanosis, or 
ankle edema. 

An x-ray of the chest (Fig. 3) revealed the diaphragm shadows to be obscured by lung 
changes on both the right and the left sides. On the right side, extensive infiltrations obliterated 
all normal lung markings. The heart was of normal size and configuration. X-rays of both 
hands were negative. An electrocardiogram was normal. Urinalysis and a Kahn test were 
negative. Complete blood counts were essentially normal. Serum protein level was 8 gm., with 
3.8 gm. of albumin, 4.2 gm. of globulin, and an albumin-globulin ratio of 0.9. Five sputum 
examinations and culture were negative for fungus. Gastric washings were injected into a guinea 
pig. This animal was autopsied and was negative for tuberculosis. Tuberculin test with the 
use of 0.005 mg. of PPD was negative. 

The patient was reexamined on Oct. 22, 1952, at which time he still complained of some 
dyspnea on exertion and cough productive of a little white foamy sputum. He also complained of 
some fatigability. Examination was essentially the same as before, except that no rales were 
heard at this time. An x-ray of the chest did not reveal any notable change. Blood counts were 
normal. The sedimentation rate was 10 mm. at one-half hour and 21 mm. at one hour. The 
most recent x-ray was taken on May 8, 1953, and failed to reveal any notable change from the 
patient’s previous x-rays. 

OCCUPATIONAL HISTORY 


These men were all employed making hard-cutting tools of tungsten carbide. 
All three men were employed at one plant from which we were able to obtain a 
rather extensive analysis of the process. The first patient worked at this plant from 
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1942 until 1947, at which time he was laid off because of a lack of work. He was 
reemployed on April 24, 1950, and worked until Nov. 9, 1951. The second patient 
worked at this same plant from 1941 until 1943. At that time he entered the Army 
and served until 1946. On May 16, 1946, he returned to this plant and worked 
there until Dec. 29, 1951, at which time he stopped work. The third patient worked 
at this same plant for three and one-half years. After an interval of time, he was 
employed in another plant, doing the same type of process, and worked there for 


five years. He has continued to work at this plant against advice, doing wet grind- 
ing which is not dusty. 


Fig. 3—Case 3: x-ray of the chest, April 8, 1952. 


The plant at which all three worked employs about 200 to 300 men. They have 
been manufacturing tungsten-carbide tools for about 18 years and have employed 
about 2,000 men during this time for various lengths of time. About 1,500 of these 
men have been engaged in the grinding operations which these three patients per- 
formed. So far as is known, these three are the only men who have had any serious 
respiratory disease. Not all of the entire group have been x-rayed. A mobile x-ray 
unit of the state tuberculosis control program visited the plant in 1947 and took 
microfilms of a large number of the workers. Apparently these did not reveal any 
unusual changes or an unusual number of positive films. 

Tungsten carbide is manufactured by a process of powdered metallurgy. The 
tungsten is ball milled until it is in the form of an extremely fine powder. Then the 
powdered tungsten is combined with a powdered lampblack or carbon, whereby 
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the term carbide originates. Titanium and tantalum carbide may be added to the 
tungsten carbide. Cobalt powder is mixed with the other powders, and the com- 
bined powders are then put under tremendous pressure and pressed into bar form, 
which is called a presintered blank. This resembles chalk, and although it can be 
handled, it is easily broken. The presintered blank is placed in ovens and heated 
so that the cobalt melts and acts as a binder for the other ingredients. The largest 
amount of binder or cobalt used in the final tool is 13%, but most of the tools are 
about 7% cobalt. A small piece of the tungsten carbide is fitted into a recess in a 
steel tool to form the cutting edge. The carbide is soldered to the recess in the tool 
in a brazing operation. In this operation, a flux is used to prevent oxidation of the 
metal. The carbide is then ground on various grinding machines to give the proper 
angle or cutting edge to the tool. 

The three men described were all engaged in various grinding operations to 
sharpen the finished tool. The operator stood before a machine which had a grind- 
ing wheel and a tool mounting. The grinding wheel turned 5,200 to 5,700 surface 
feet per minute. With a wheel or crank, the operator moved the tool against the 
grinding wheel. In most operations, the operator's face was 18 to 24 in. (45 to 60 
cm.) from the grinding wheel. 


The dust which came from these, various grinding operations differed in its 
composition, depending primarily on the grinding wheel used. Most of the rough 
grinding was done with a silicon carbide grinding wheel which had a vitrified resin 
bond. The men also used aluminum oxide grit wheels. Most of the fine grinding 
was done with wheels made of industrial diamonds which had a resin bond. The 
grinding was done both wet and dry, and a form of mist grinding was also per- 
formed, in which the water dropped on the wheel in droplets rather than running 
on it in a stream. Most of the grinding with the silicon carbide and the aluminum 
oxide wheels was done dry, while the diamond grinding was done wet for the most 
part. Apparently about an equal amount of time was spent by the men in Cases 1 
and 3 in each process, while the man in Case 2 spent 90% of his time doing fine 
grinding with the diamond wheels. 

In using the silicon carbide and the aluminum oxide wheels, most of the dust 
coming from the operation was from the wheel itself because of the hardness of the 
tungsten carbide. However, when grinding tungsten carbide with a diamond wheel, 
the grinding wheel itself would break down very slowly, since tungsten carbide is 
only 93% as hard as diamond, and each particle of diamond would cut some carbide 
before dulling. Therefore, the dust which came from the diamond-grinding opera- 
tion was mainly carbide dust. The grinding wheels which these men operated were 
connected to dust collectors, and the building was well ventilated, with windows 
and exhaust fans. 


Dust counts taken at the plant showed a variation of from 3,700,000 to 7,700,000 
particles per cubic foot in the breathing zone of the operator who was doing the 
fine grinding. Dust counts of 38,000,000 to 40,000,000 particles per cubic foot were 
obtained at the rough grinding machines. The general room showed a dust count 
of 1,400,000 particles per cubic foot. Various electrostatic precipitator samples for 
tungsten showed too small an amount of tungsten to be quantitatively analyzed. 
Analysis for cobalt showed 1 to 2 mg. of cobalt per 10 cubic meters of air in the 
breathing zone of the operator. 
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REVIEW OF THE LITERATURE 


The most complete study of the health hazards existing in the cemented tung- 
sten-carbide industry was made by Fairhall and associates * for the United States 
Public Health Service. They made physical examinations of 1,802 workers, with 
close attention to symptoms relating to the respiratory system. The examining 
physicians in this study found that the mucous membranes of the mouth and nose 
had a characteristic erythematous flush-like inflammation. The conjunctivae and 
upper respiratory tract were also noted to be inflamed in a significant percentage. 
X-rays of the chest and studies of the hematological data showed a distribution of 
findings similar to those observed in other industrial populations. Fairhall and 
associates * also investigated the atmosphere of plants in the tungsten-carbide indus- 
try, with particular attention to the cobalt present. Cobalt was invariably found in 
the atmosphere, even in places where no manufacturing operations were in progress, 
such as the office section. The powder processing proved the dustiest operation, 
while tool and die operations, which these three men were doing, were the least 
dusty of the various stages of manufacture. 

Fredrick and Bradley,‘ of the Detroit Department of Health, have studied the 
effects in small animals of intraperitoneal administration of the various compounds 
used in the manufacture of Carboloy materials. The only toxic effects were from 
cobalt and nickel metals and cobalt carbonate and lactate. The changes observed 
consisted of swelling of the liver, kidney degeneration, increased number of imma- 
ture red blood cells in the blood, and marked fibrotic responses in tissues in contact 
with unabsorbed material. 

Harding,’ in England, investigated the effect of cobalt in experimental animals. 
The metallic cobalt powder had an acute irritant action and caused severe alteration 
in the capillaries in the lungs and peritoneum, with outpouring of considerable 
quantity of fluid and hemorrhages. It seemed to cause a local toxicity rather than 
the general type of toxicity described by Hendrych and Weden ® with soluble cobalt 
salt. 

Hamilton and Hardy? quote Forssman as stating that in 1947 in Sweden he 
studied evidence of pulmonary disease in workers engaged in making tungsten- 
carbide tools. The workers complained of cough and dyspnea and presented a 
unique x-ray picture of the chest. Hardy * told us that she had seen short reports 
on symptoms and chest x-rays of eight cases. She stated that these cases resembled 
chronic beryllium poisoning. 


2. Fairhall, L. T.; Castberg, H. T.; Carrozzo, N. J., and Brinton, H. P.: Industrial Hygiene 
Aspects of the Cemented Tungsten Carbide Industry, Occup. Med. 4:371, 1947. 

3. Fairhall, L. T.; Keenan, R. G., and Brinton, H. P.: Cobalt and the Dust Environment of 
the Cemented Tungsten Carbide Industry, Pub. Health Rep. 64:485, 1949. 

4. Fredrick, W. G., and Bradley, W. R.: Toxicity of Some Materials Used in the Manu- 
facture of Cemented Tungsten Carbide Tools, read at the Seventh Annual Meeting of the Amer- 
ican Industrial Hygiene Association, Chicago, April 11, 1946; abstracted in Indust. Med. 15: 482, 
1946. 

5. Harding, H. E.: Notes on Toxicology of Cobalt Metal, Brit. J. Indust. Med. 7:76, 1950. 

6. Hendrych, F., and Weden, H., in Hefftner, A., and Heubner, W.: Handbuch der experi- 
mentellen Pharmakologie, Ed. 3, Berlin, Springer-Verlag, 1934, Vol. 2, p. 1401. 

7. Hamilton, A., and Hardy, H. L.: Industrial Toxicology, Ed. 2, New York, Paul B. 
Hoeber, Inc., 1949, p. 208. 

8. Hardy, H. L.: Personal communication to the authors. 
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Olson ® told us that he had studied about seven cases similar to ours during the 
war. He observed hemoptysis if the coughing were prolonged. One case was com- 
plicated by a pneumothorax. Olson stated that the x-ray shadows would clear 
entirely within 18 months, and the patients recovered completely if given a pro- 
longed period of bed rest. He observed pulmonary changes and dermatitis in only 
a small percentage of the exposed workers and concluded that there was a factor 
of hypersensitivity involved. He stated that both the dermatitis and the pulmonary 
changes occurred only after the virgin powders, carbon and cobalt, had been ball 
milled. He did not observe these conditions in workers handling pure metallic 
powder, even the cobalt powder. 


EXPERIMENTAL OBSERVATIONS 


Material removed from the collecting bag beneath the grinding wheel and the carbide-tipped 
tools was blown into the peritoneal cavities of six rats. To study the effect of this coarse mixed 
dust upon peritoneal surface, a rat was killed every two weeks, and routine histopathologic 
examination was carried out. 

Examination even within the first two weeks revealed an intense foreign-body 
reaction around the gritty particles and early collagenic sclerosis. At the end of two 
months, the sclerosis was quite dense and incarcerated the gritty material. From 
histopathological studies, the sclerositig response was reminiscent of that after a 
foreign-body reaction rather than a specific fibrosing response to a particular dust. 

Fifteen white rats were subjected to intratracheal inoculation with pure tungsten carbide. 
Under ether anesthesia, a tracheotomy was performed, and a 14 gauge blunt needle was passed 
down to the tracheal bifurcation. One cubic centimeter of tungsten carbide as a 10% suspension 
in isotonic saline was introduced into both lungs down the intratracheal needle. The rats were 
killed at two week intervals, and at the time of writing the experiment had run for 18 weeks. 
Transections of the lungs from periphery to hilus were fixed in formalin, embedded in paraffin, 
and stained with hematoxylin and eosin, by Masson's trichrome method for collagen formation 
and Wilders’ silver impregnation for demonstration of reticulin. 


The dust reached all lobes of the rats’ lungs and particularly the lower lobes. 
At autopsy, even after two weeks, the lungs, especially the lower lobes, felt some- 
what firmer than the lungs from control rats killed at the same time. No fluid in 
the chest cavity or exudate on the surfaces of the lungs was observed. On micro- 
scopic examination, the tungsten-carbide dust for the most part remained free in 
the alveoli throughout the experiment (Fig. 4, upper). As early as two weeks, 
the tungsten dust was demonstrated within the septa. In the first four weeks, 
there was some mobilization of septal cells and enguliment of pigment. At four 
weeks, the pigment was noted around the peribronchial and the perivascular con- 
nective tissue fibers and also in the perihilar lymph nodes. At the end of 16 or 18 
weeks (Fig. 4, lower), there was little change in the morphologic findings. A fair 
proportion of the dust was still in the air sacs, and increased amounts were noted 
within the alveolar walls and lymphoid tissues of the lung. The histological find- 
ings were those usually encountered in response to an inert dust. No increase in 
reticulin or collagen was found. No superimposed bacterial inflammatory process 
was observed. 

Studies contemplated in the future involve peritoneal and intratracheal dusting 


of small experimental animals with selective samples of single dusts and admixtures 
of dusts. 


9. Olson, C. T.: Personal communication to the authors. 
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COMMENT AND SUMMARY 


We believe it is quite definite that the three patients whose cases are reported 
have been suffering from a type of pneumoconiosis. The symptomatic improvement 
of the first and second patients, the roentgenographic improvement of the first after 
removal from the industrial environment, and the x-ray patterns of all three are 


Fig. 4—Upper, photomicrograph of rat lung two weeks after dusting. The tungsten carbide 
is concentrated in the alveoli, and also early deposition, without reaction, is noted in the septal 
walls. (Hematoxylin and eosin stain, x 180). Lower, photomicrograph of rat lung 16 weeks after 
dusting. Wider dispersal of tungsten-carbide pigment is noted throughout the Jung. No fibrosing 
response is associated with the dust accumulations. (Hematoxylin and eosin stain, x 80). 


highly suggestive evidence that an industrial dust was the etiological factor. Further- 
more, the second patient suffered a recurrence of all his symptoms during a brief 
return to work. Tuberculosis would appear to have been adequately ruled out by 
the negative tuberculin tests and negative sputum tests in all three cases, as well 
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as the negative guinea pig autopsies in Cases 1 and 3. Sputum examinations and 
cultures in all three cases have been negative for fungi. A possibility of sarcoidosis 
cannot be definitely excluded, but three cases from one small plant would be an 
unusual coincidence. Furthermore, the patients showed no cystic lesions of the 
bones of the hands and wrists, and the serum protein determinations were not 
typical of sarcoidosis. They have refused to permit lung biopsy, lymph node biopsy, 
or a Kveim test, which might give more definite evidence. None of these workers 
has ever been exposed to silica in any form or to any of the usual causative agents 
of pneumoconiosis. We believe that their cases do have a striking similarity to 
granulomatous disease of the lungs due to the inhalation of beryllium. However, 
they have never been exposed to beryllium, and to date their disease has not been 
progressive after removal from the industrial environment. 


These men have been exposed to tungsten carbide, tantalum, titanium, cobalt, 
silicon carbide, aluminum oxide, and diamond dusts over a period of six to eight 
years. The tantalum, titanium, diamond, and aluminum oxide dusts are generally 
conceded to be inert and innocuous. The studies of tungsten carbide, including those 
reported in this paper, have failed to reveal any evidence of toxicity or reaction to 
this material. The status of silicon carbide is somewhat in question in view of the 
finding of Gardner '® that silicon carbide possessed possible fibrogenic properties 
and appeared to cause progressive tuberculosis in animals infected with the R-1 
strain of human tuberculosis. However, silicon carbide has been considered to be 
definitely an inert dust if no pulmonary tuberculosis is present. Since tuberculosis 


has been adequately ruled out in our cases, we feel that the silicon carbide can be 
excluded as a causative factor. 


Clark *' stated that in using grinding wheels over a period of many years, with 
heavy clouds of fine dust, the amount of scar tissue may be considerable, producing 
a nonspecific fibrotic reaction. Such a condition could not result unless a worker 
was doing dry grinding, with no exhaust for a number of years. X-ray films show 
an irregular exaggeration of the linear markings, with possibly some beading con- 
fined to the trunks and some increased root shadows. Hatch’? has suggested an 
upper limit of 50,000,000 particles under 10 cu. » in size per cubic foot as being 
the upper limit for nonsiliceous dust. Since these men were exposed to an upper 
limit of 40,000,000 particles per cubic foot, we believe that a nonspecific effect 
from the grinding wheels can also be excluded. Also, since the dust counts are 
comparatively low, we feel that the pulmonary reaction manifested by these 
workers is probably a specific reaction to a specific irritant. 


If we exclude the tungsten carbide itself, the only possibility remaining is the 
cobalt. Fairhail* stated that powdered cobalt and nickel produce dermatitis which 


10. Gardner, L. U.: Studies on Experimental Pneumonokoniosis: Reactivation of Healing 


Primary Tubercles in Lung by Inhalation of Quartz, Granite and Carborundum Dusts, Am. Rev. 
Tuberc. 20:883, 1929. 


11. Clark, W. I.: Health Hazards in the Use of Artificial Abrasive Grinding Wheels, Pro- 
ceedings of the Seventh Annual Meeting of the Industrial Hygiene Foundation of America, 
Pittsburgh, Nov. 10, 1942. 

12. Hatch, T.: Some Fundamental Data on Mechanical Dust Traps, Technical Publication 
637-A, American Institute of Mining and Metallurgical Engineers, New York, p. 18. 
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is characterized by hyperemic, edematous, and vesicular lesions, apparently due to 
a sensitivity phenomenon. Most of the investigations relating to the physiological 
activity of cobalt have revolved around the experimental polycythemia produced 
by its administration. The first blood counts in Case 1 were suggestively poly- 
cythemic, but later counts were normal. Castle and associates '* have shown that a 
reticulocyte response can be obtained in many cases of various anemias by the oral 
administration of cobalt. It is conceivable that certain individual factors may have 
been operative in these three workers, causing a response of the pulmonary tissue 
which others in the plant did not suffer. If this is true, the results of animal 
studies would not be particularly applicable to this problem 

Some clinical features of these cases are interesting. They had a serum pro- 
tein level of 7.7 to 9.1 gm., all three cases showing a definite elevation. However, 
the albumin-globulin ratio was approximately 1.0 in each case, none of them 
showing the albumin-globulin ratio reversal characteristic of sarcoidosis. Some 
cases of beryllium granuloma of the lung have shown elevation of the globulin 
fraction similar to our cases. In this regard, it is very interesting that Stokinger ' 
has produced a hyperglobulinemia attributable to the alpha globulin fraction 
in animals exposed to cobalt metal fumes. His animals also showed thickening 
of the alveolar septa. It may be that cobalt, like beryllium, cadimium, and nickel. 
may produce lung alterations through a specific derangement of septal enzyme 
systems in the lung, as described by Wyatt.’® The hyperglobulinemia may be 
a secondary manifestation of this derangement. 

Our patients all had negative tuberculin tests, although they all showed some 
pulmonary calcifications, and the second one had an unusually large calcified 
hilar node. All three patients have been remarkably stable and asymptomatic 
since removal from exposure. The x-ray appearance has also remained stable 
over a considerable period of observation. If the pulmonary function studies are 
analyzed by the methods of Spain,'® these studies would indicate that there was 
considerable interstitial and parenchymal fibrosis in both Case 1 and Case 2. 
The fibrosis in both cases restricted the total lung volume, but in Case 2 this 
fibrosis was more bronchiolar in distribution, resulting in bronchiolar narrowing 
and some obstructive emphysema. 


CONCLUSIONS 


Case reports are presented of three workers in the tungsten-carbide industry 
who have shown peculiar types of pulmonary reactions and hyperglobulinemia. 
It is believed that these workers have manifested a specific reaction to the inhala- 
tion of an industrial dust or a combination of dusts. 


13. Berk, L.; Burchenal, J. H., and Castle, W. B.: Erythropoietic Effect of Cobalt in 
Patients With or Without Anemia, New England J. Med. 240:754, 1949. 


14. Stokinger, H. E.: Personal communication to the authors. 
15. Wyatt, J. P.: Non-Silica Pneumoconioses, in Progress in Fundamental Medicine, edited 
by J. F. A. McManus, Philadelphia, Lea & Febiger, 1952, Chap. 9, p. 289. 


16. Spain, D. M.: Patterns of Pulmonary Fibrosis as Related to Pulmonary Function, Ann. 
Int. Med. 33:1150, 1950. 
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From our histological studies, tungsten carbide does not provoke a necroti- 
zing or fibrosing response within the rat lung parenchyma. Studies of titanium 
and cobalt, alone and in combination with other dusts known to be used in the 
cemented tungsten-carbide tool industry, are being pursued. 


For reasons stated, it is felt most likely that cobalt caused this condition. 
It is possible that a combination of various powdered metals is necessary to 
produce this reaction. Individual susceptibility may be an important factor 
in the production of the disease. 

One worker has improved radiologically by removal from the industrial environ- 
ment, whereas the other two have remained virtually static over a period of one 
year of observation. All three workers have become asymptomatic since removal 
from exposure to dust. 


Dr. Frank Brenner Jr., assisted in studying these cases. 


STUDIES OF THE ACUTE AND CHRONIC TOXICITY OF GERMANIUM 


LIEUTENANT COMMANDER GEORGE ROSENFELD (MSC), U.S.N. 
AND 


LIEUTENANT (jg) E. J. WALLACE (MSC), U.S.N.R. 
BETHESDA, MD. 


HERE have been few studies of the physiological properties of germanium in 

the past 20 years, although this element received considerable attention between 
1922 and 1931, because it was believed to exert an erythropoietic effect. The pos- 
sible medical application of isotopes of germanium found in fission products? and 
the increasing use of germanium in industry have suggested the need for more 
biochemical and pharmacological data on this element and its compounds. Recently, 
germanium has been shown to have a widespread distribution in rocks, soil, and 
water. That it may be ingested by man is indicated by the fact that cereal plants, 
like oats and barley, grown in soil containing GeO, absorb and store considerable 
amounts of germanium.’ At present, germanium is not believed to be an essential 
micronutrient or constituent of any living plant or animal organism. Whereas it 
was formerly recommended as an erythropoietic agent in the treatment of pernicious 
anemia, it is no longer used in medical practice. 

The chemical reactions and compounds of germanium resemble those of silicon 
and tin and to a slighter extent those of arsenic and antimony. Because it lies next 
to arsenic in the periodic system, Hammett and his associates * investigated the 
ability of germanium to stimulate red blood cell production and reported that GeO» 
produced a valid increase in the number of erythrocytes in the rat. Mueller * also 
claimed a decided erythropoietic action in the guinea pig, rabbit, dog, and man, 
with a minimum of toxic effects. These results were not corroborated by several 


From the Naval Medical Research Institute, National Naval Medical Center. 

The opinions or conclusions contained in this report are those of the authors. They are not 
to be construed as necessarily reflecting the views or endorsement of the Navy Department. 

This manuscript is condensed from a dissertation submitted by Lieutenant Commander 
Rosenfeld to Georgetown University in partial fulfillment of the requirements for the Ph.D. 
degree. 

1. Nuclei Formed in Fission: Decay Characteristics, Fission Yields, and Chain Relationships, 
Issued by the Plutonium Project, J. Am. Chem. Soc. 68:2411, 1946. 

2. Geilmann, W., and Briinger, K.: Uber die Aufnahme von Germanium durch Pflanzen, 
Nachr. Gesellsch. Wissensch. Gottingen, Math.-physik. K1., 249, 1932. 

3. Hammett, F. S.; Nowrey, J. E., Jr., and Mueller, J. H.: The Erythropoietic Action of 
Germanium Dioxide, J. Exper. Med. 35:173, 1922. 


4. Mueller, J. H., ard Iszard, M. S.: Erythropoietic Action, Cumulative Effect, and Elimi- 
nation of Germanium Dioxide, Am. J. M. Sc. 163:364, 1922. 


466 


i 

| 

| 


ROSENFELD-W ALLACE—TOXICITY OF GERMANIUM 467 


other investigators ° who attributed the increased red blood cell count to dehydra- 
tion of the animals, with consequent hemoconcentration. Nowrey ° concluded from 
his experiments with rats that GeO, in neutralized solution (pH 7.4) had no value 
as an erythropoietic agent but that a 0.7% solution of sodium germanate (pH 9.5) 
was effective in the production of an experimental polycythemia. 

The few reports on the toxicological properties of germanium compounds are as 
contradictory as the ones on its erythropoietic effect. Whereas Mueller * stated 
that the lethal dose of GeOs given subcutaneously to rabbits was 586 mg./kg., 
Bailey and associates ‘ observed toxicity and death with as little as 2 to 4 mg./kg. 
Mueller * found that the administration of sublethal amounts of GeOs brought 
about a rapid weight loss which he attributed largely to dehydration and in part 
to increased oxidative processes. He noted, moreover, that rabbits and guinea pigs 
subjected to toxic doses of germanium dioxide exhibited an almost complete loss 
of retroperitoneal fat tissue. Hueper confirmed the loss of fat but claimed that 
there were no signs of an increased oxidation. 

At present, it is difficult to evaluate critically the contradictory evidence con- 
cerning the phvsiological properties of germanium. In addition to the lack of 
comprehensive biochemical data on oral and parenteral absorption, mode of trans- 
port, and tissue distribution and storage, there have been no studies of the chronic 
toxicity of germanium. As to its hematological effect, Schultze ® favors the view 
that a GeQOg solution has no hemapoieti¢ action, but when given in proper amounts 
it may cause various degrees of hemoconcentration, resulting in an increased 
hematocrit value. Harrold and associates,'® on the other hand, state that “germanium 
will act experimentally and clinically as a hematinic but not regularly so.” As to 
the mechanism of its pharmacological action, two hypotheses have been proposed. 
Mueller claimed that the observed erythrocytosis and loss of retroperitoneal fat 
tissue and weight were due to an increased oxygen metabolism resulting from the 
additional oxygen-carrying capacity of the blood because of its GeOs content. 
Hueper, on the other hand, attributed these effects to a loss of water from the 
bowel large enough to cause tissue dehydration and hemoconcentration. 

A previous report '? summarized the metabolic data obtained from studies of 
the absorption, transport, distribution, storage, and excretion of germanium in the 
albino rat. The present report contains the results of acute and chronic toxicity 
studies. 


5. (a) Hueper, W. C.: Effects of Overdoses of Germanium Dioxide upon the Blood and 
Tissues of Rabbits, Am. J. M. Sc. 181:820, 1931. (b) Minot, G. R., and Sampson, J. J.: 
Germanium Dioxide as a Remedy for Anemia, Boston Med. & Surg. J. 189:629, 1923. (c) 
Bodansky, M.: The Effect of Germanium Dioxide on Red Cell Regeneration in Experimental 
Anemia, Proc. Soc. Exper. Biol. & Med. 20:534, 1923. 

6. Nowrey, J. E.: A Comparison of the Effects of Germanium Dioxide and of Sodium 
Germanate on the Blood of the Albino Rat, Johns Hopkins Hosp. Bull. 35:180, 1924. 

7. Bailey, G. H.; Davidson, P. B., and Bunting, C. H.: The Effect of Germanium Dioxide 
on the Rabbit, J. A. M. A. 84:1722, 1925. 

8. Mueller, J. H.: Toxicity of Several Allotropic Modifications of GeOs, J. Pharmacol. & 
Exper. Therap. 42:277, 1931. 

9. Schultze, M. O.: Metallic Elements and Blood Formation, Physiol. Rev. 20:37, 1940. 

10. Harrold, G. C.; Meek, S. F., and McCord, C. P.: Physiologic Properties of Ger- 
manium, Inst. Med. 13:236, 1944. 

11. Rosenfeld, G.: Studies of the Metabolism of Germanium, Project NM006 012.04, 46, 
National Naval Medical Center, 1952. 
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MATERIALS AND METHODS 


The animals employed were either male or nonpregnant female healthy albino rats, housed in 
well-ventilated cages and maintained for at least one week prior to use in order that they might 
become acclimated to their new environment. They were allowed Purina laboratory chow and 
tap water ad libitum. Various germanium preparations were administered topically, orally, and 
parenterally in acute or chronic doses, varying from nontoxic to toxic levels. The doses given 
represent milligrams of GeO, per kilogram of body weight. Toxic effects were evaluated on the 
basis of mortality, weight changes, food and water consumption, general appearance and behavior 
of the animals, gross anatomical or morphological alterations, and hematological changes. The 
toxicity data were correlated where necessary with the germanium content of the tissues as well as 
with the amounts excreted in the urine and feces. All the methods employed, including those for 
the hematological surveys, are standard laboratory procedures. 


The inorganic and organic preparations of germanium administered were made with pure 
GeO, (Eagle-Picher Co., Joplin, Mo.) as the starting material and contained the equivalent of 
6.667 gm. of GeOsz per liter. All were sterile and did not precipitate protein in in vitro tests. When 
GeO: is dissolved in water, it forms germanic acid (H2GeQs) ; its solubility is about 4.47 gm. per 
liter at 25 C. The inorganic preparations employed were a GeO: solution!? (pH 3.7), a GeO: 
suspension (pH 3.8), a neutralized solution of GeO: (pH 7.3), and a solution of sodium germanate 
(pH 11.7). Organometallic solutions of Ge-glycerin and Ge-mannitol were prepared by complex- 
ing GeO, with glycerin or mannitol in a molecular ratio of 1:1. The solutions of strong mono- 
basic acids which resulted were neutralized to pH 7.3 with NaOH. Tchakirian !* demonstrated 
that germanic acid (GeO, in solution), like boric acid, forms complex compounds with poly- 
valent alcohols. The polyhydric alcohols, glycerin and mannitol, were employed to prepare organo- 
metallic complexes of germanium, because they are essentially nontoxic and have been found to 
be efficient precursors of glycogen in albino rats.14 


RESULTS 


Intraperitoneal Injection—Acute Systemic Effects and Lethal Dose: After 
preliminary experiments had indicated that 140 mg./kg. of neutralized solutions 
of GeOs, Ge-glycerin, and Ge-mannitol produced no deaths, the dosage of one, 
viz., neutralized GeOs, was increased. In order to avoid the injection of excessive 
volumes, a more concentrated solution was prepared. It was found feasible to keep 
as much as 15 gm. per liter of GeO, in true solution if that quantity was dissolved 
in 800 ml. of hot water containing 7.5 gm. of NaOH and the cooled solution then 
carefully neutralized with HCl to pH 7.3 before being diluted to a liter. 

Table 1 summarizes the effect on mortality of single, graded doses of neutralized 
GeO, and illustrates the remarkable pharmacological inertness of germanium admin- 
istered parenterally to adult male rats varying in weight from 183 to 221 gm. The 
maximal tolerated dose of GeO, is approximately 600 mg./kg., and the minimal 
lethal dose is about 700 mg./kg. The absolute lethal dose appears to be about 1,200 
mg./kg. None of the controls injected with a volume of isotonic saline equivalent 
to the 1,200 mg./kg. dose of neutralized GeO: died. Most of the deaths from GeOz 
occurred within 12 hours and all within 24 hours after injection. Autopsy usually 


12. A stable, noncolloidal, supersaturated solution containing 6.667 gm. per liter was prepared 
simply by heating. 

13. Tchakirian, A.: Chimie analytique: Dosage titrimétrique de l’acide germanique: études 
de quelques formes hydratees de cet acide et de ses sels, Compt. rend. 187:229, 1928. 

14. Catron, L. F., and Lewis, H. B.: Formation of Glycogen in the Liver of the Young 
White Rat after the Oral Administration of Glycerol, J. Biol. Chem. 84:553, 1929. Carr, C. J.; 
Krantz, J. C., Jr., nd Schmidt, J. E.: Mannitol and Mannitan in the Animal Body, J. Biol. Chem. 
102:721, 1933. 
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revealed the same gross pathology: edematous, hemorrhagic lungs, multiple pete- 
chiae of the walls of the small intestine, and peritoneal effusion. The volume of 
peritoneal fluid was usually more than 10 ml. and yielded a large precipitate when 
treated with a protein precipitant. It appears that a major injury is suffered by the 
capillary beds of the lungs and splanchnic areas, resulting in dilatation and increased 
permeability, with consequent transudation of plasma and, in most cases, even 
whole blood in these areas. Death from lethal doses was usually preceded by a 
prolonged state of immobility, hypothermic shock, cyanosis, and almost complete 
respiratory depression. The cardiac impulse was not palpable; the eyes were white 
and opaque ; and, in many instances, it was difficult to discern if death had occurred. 

After administration of the higher doses of germanium, the rats evinced little 
interest in food or water and appeared listless and inactive. With smaller doses, 
the same behavior was noted, but it was of shorter duration. There was no evidence 


Tas_e 1.—Acute Systemic Toxicity of Neutralized GeO: Injected Intraperitoneally into Adult 
Albino Rats 
(One-Month Mortality) 


No. of Animals 


Used Dead Mortality, % 
20 0 0 
20 0 0 
20 0 0 
20 0 0 
2% 0 0 
20 3 
20 1 
11 
20 14 70 
16 80 
20 17 8) 
20 19 95 
20 20 100 


*The L.D.so is approximately 750 mg./kg. when the data are plotted on probability paper. 


of stimulation or increased irritability preceding the listlessness; nor was there 
evidence of hind-leg paresis or paralysis. In view of the absence of such effects on 
the nervous system and the failure of germanium to precipitate or combine with 
proteins,’' it would appear that germanium does not behave physiologically like a 
heavy metal. That massive doses probably cause a profound disturbance in water 
balance and a concomitant fall in blood pressure is suggested by the observed plasma 
transudation, marked diarrhea lasting for about 48 hours, and sluggish blood flow. 
Little or no bleeding followed severance of either the ear or tail veins. The rats 
which did not succumb within 24 hours survived and recovered completely, as 
evidenced by their normal behavior and renewed appetite by the second or third 
day and the absence of any gross pathological condition when killed four weeks later. 

The innocuousness of large sublethal doses of germanium is demonstrated by 
Table 2, which summarizes the acute toxic effect of single, sublethal, intraperitoneal 
doses of neutralized GeO» on the weight as well as on the food and water consump- 
tion of young adult rats weighing from 188 to 203 gm. It is interesting that doses 
up to 600 mg./kg. not only produce no deaths (Table 1) but also exert no signifi- 
cant adverse effect on the growth or food and water consumption of the animals. 


i 
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In the case of the groups receiving 400, 500, and 600 mg./kg., there was a 25 to 
50% decrease in daily food and water consumption during the 24 hours after 
injection, but by the end of the second day even these groups were back to normal. 
This is further evidence of the rapid recovery from large sublethal doses of 
germanium. Only the groups receiving 500 and 600 mg./kg. did not exhibit a net 
weight gain one week after the dose, but they maintained their weight during this 
period and at the end of 13 days showed weight gains as appreciable as those of 
the saline-treated control group. No gross morphological differences were noted 
between the germanium-treated animals and the saline controls upon autopsy. 


Taste 2.—Effect of Single Intraperitoneal Doses of Neutralized GeO2 on Weight and 
Food and Water Consumption of Rats 


Water Consumption, Food Consumption Average Weight, Gm. 
MI./Rat/Day Gm./Rat/Day A 
A 


Single 


At 
Doseof 7Days 7 Days 7 Days 7Days Startof At  7Days 13 Days 
GeO:, Before After v Before Next6 Experi- Time After After 
Rat Group* Mg./Kg. Dose Dose ys Dose Dos Days ment of Dose Dose Dose 
14.9 14.2 201 
15.7 2 16.4 194 
13.3 2. 14.0 193 
13.8 3. 14.7 
15.5 6 15.8 
14.9 2 16.3 
Isotonie saline 0 of 23. 14.7 


* All the values are averages for five animals. 


TasLe 3.—Effect of Graded Intraperitoneal Doses of Neutralised GeO: on the Rectal 
Temperature of Young Adult Rats 


Rectal Temperature (Fahrenheit)* at Various Intervals After Injection 


Dose of GeOz, Mg./Ke. jae 0 Hours 2 Hours 4 Hours 10 Hours 23 Hours 
100.5 100.4 100.4 100.3 100.4 
101.3 98.8 100.3 100.5 
101.0 95.6 96.4 100.5 
101.2 94.8 Below 94 97.6 

(1 died) 
100.8 Below 94 Below 94 Below 94 


Saline controlst.............. 101.4 101.4 101.0 
Untreated controls........... 100.5 100.5 100.4 


* Average temperature of five rats for each dose. 
+ The controls received a dose of isotonie saline equivalent in volume to the highest GeOe dose administered 


The effect of neutralized GeO. varying from nontoxic to toxic doses on the 
rectal temperature of the rat is shown in Table 3. The data demonstrate a direct 
proportionality between the dose of GeO» administered and the intensity as well 
as the duration of the resulting hypothermia. The temperature of the group given 
45 mg./kg. remained essentially normal. A perceptible drop was exhibited by the 
group given 150 mg./kg. after two hours, but recovery supervened within four 
hours. The groups given 450 mg./kg. experienced a significantly greater tempera- 
ture decline, and recovery was not complete until 10 hours after administration of 
the GeOs dose. The rats given 750 mg./kg. evinced a pronounced fall in body 
temperature but were normal the following day. The temperature of the animals 
receiving 1,050 mg./kg. was still profoundly depressed after 10 hours, but it 


— 
15 
45 
79 
1,04 
(2 died) 4 alec 
101.3 100.7 
100.5 100.4 
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returned to normal in the case of the one survivor after 24 hours. All animals 
which were alive the day after treatment with GeOs survived and were normal 
during a one-month observation period. Lethal doses of GeOs appear to precipitate 
a severe hypothermic shock in rats, and rectal temperatures below 80 F. were fre- 
quently observed. 

Chronic Systemic Effects of Multiple Sublethal Doses: The effect on 40 adult 
rats of eight weekly doses of 100 mg./kg. of two inorganic preparations of germa- 
nium (a GeQOs solution and a GeOz suspension) and two organic preparations 
(germanium complexed with glycerin or mannitol) are summarized in Table 4. 
All the germanium-treated animals gained appreciable weight throughout the experi- 
mental period, and their percentage weight gains were even larger than those made 
by the 10 control animals administered isotonic saline. The weekly weight records 
demonstrated no unfavorable or inhibitory effect on the continued growth of these 
adult animals. At no time did diarrhea or any other observable symptoms of 
intoxication develop, and after being killed no gross morphological or anatomical 


TaBLe 4.—Chronic Toxic Effect of Eight Weekly Sublethal, Intraperitoneal Doses of 
Inorganic and Organic Preparations of Germanium 


Weekly 


Average Body Weight 
Groups of 20 Rats Mg./Kg. Initial Final Gain, % 
Inorganie Ge Prep. 
Organie Ge Complex 
100 287.4 367.2 27.8 
0 267.4 326.2 22.0 


ditferences were observed between them and the controls. A normal amount of 
adipose tissue was found in the abdominal cavity contrary to reports that germanium 
causes mobilization and loss of fat. Weekly sublethal doses of 100 mg./kg. of 
NagGeQOs; caused a loss of fat, but this effect was entirely the result of the alka- 
linity of the compound, as shown by controls administered an equivalent amount 
of alkali. 

A hematological survey of all the animals one week after the last treatment indi- 
cated no abnormality in either the number or the percentage composition of the 
white blood cells, nor was there evidence of a polycythemia or augmented hemo- 
globin level in the germanium-treated rats. These data do not confirm the hema- 
poietic effect of germanium reported in the literature. The failure to affect adversely 
the growth as well as the appearance and behavior of the animals and the absence 
of abnormal hematological and morphological alterations despite eight large, weekly, 
intraperitoneal doses corroborate the contention that germanium is comparatively 
inert pharmacologically. 

Proliferative Action of a GeO. Suspension: None of 10 young adult rats 
injected intraperitoneally with eight weekly doses of a suspension of GeO» totaling 
1,600 mg./kg. exhibited any proliferative or necrotic process when killed one week 
and five weeks after the last injection. Neither fibrotic nodules nor other abnor- 
malities were noted in the abdominal cavity. No residual germanium was found 
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in the peritoneal cavity. Studies previously reported ' of the subcutaneous injec- 
tion of particulate GeO» demonstrated that a parenterally administered suspension 
is readily absorbed. 

Subcutaneous Injection—Acute Local and Systemic Toxic Effects: Although 
a dose of 150 mg./kg. of NayGeOs injected subcutaneously into the broad part of 
the back of adult rats caused a loss of weight and a severe local necrosis with 
sloughing, neither the control animals given an equivalent volume of isotonic saline 
nor the animals treated with the same dose of neutralized inorganic and organic 
preparations of germanium exhibited any signs of local tissue destruction or sys- 
temic toxic effects. However, a severe local necrosis with sloughing developed in 
rats given a subcutaneous dose of NaOH equivalent to that of the NayGeOxs solu- 
tion. It is obvious that the corrosive effect of sodium germanate on subcutaneous 
tissues, mentioned by Nowrey,® is not due to its germanium content but to the 
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© Untrected controls | 
© Weekly doses of 50 mg/ kg S.Q. 


AVERAGE WEIGHT IN GRAMS 


3 6 ? 8 0 2 
TIME IN WEEKS 


Chart 1.—Chronic toxic effect of weekly subcutaneous injections of germanium on the growth 
of young albino rats. 


alkalinity associated with its hydrolysis, because it is a salt of a weak acid and a 
strong base. Even larger doses of neutralized GeO, ranging from 200 to 600 
mg./kg. produced no evidence of local tissue destruction or inhibition of growth. 
No gross morphological alterations were discernible upon autopsy. 

Chronic Toxicity of Multiple Doses: The weights plotted in Chart 1 of 10 
control rats and of 10 others given 13 weekly subcutaneous doses of 50 mg./kg. 
of neutralized GeO, show the parallel growth of the untreated and germanium- 
treated rats. The latter experienced a 212% weight increase compared to a 215% 
increase of the untreated animals. They did not develop any signs of local tissue 
damage at the site of injection and were normal in behavior and appearance through- 
out the experimental period. No hematological or gross anatomical differences were 
noted when they were killed. 

Oral Administration—Chronic Toxicity of Ingested Germanium: Seventy 
young male rats, weighing from 93 to 107 gm., were divided into seven groups of 
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similar weight. Three groups were maintained on ordinary tap water and ground 
Purina laboratory chow containing 10, 100, and 1,000 ppm of neutralized GeO, 
(pH 7.3). Three others were fed untreated chow and tap water containing 10, 
100, and 1,000 ppm of neutralized GeO. A control group received untreated chow 
and untreated tap water. All the animals were allowed food and water ad libitum, 
and weekly records were kept of their weight as well as of their food and water 
consumption during the experimental period of 13 weeks. 

Germanium in Food: None of the group given food containing 10 ppm died, 
while one of the animals receiving 100 ppm and five of those receiving 1,000 ppm 
succumbed by the end of the fourth week. The control group lost one rat during 
the seventh week. The growth curves of the controls and of the three groups fed 
a basal diet containing varying levels of neutralized GeOs are plotted in Chart 2. 
The rats receiving 10 ppm and the control rats grew at about the same rate for the 
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Chart 2.—Chronic toxic effect of food-ingested germanium on the growth of young albino rats. 


first five weeks, after which the germanium-fed rats gained weight faster. A slight 
initial inhibition of growth is evident in the animals receiving 100 ppm and a 
somewhat greater inhibition in those receiving 1,000 ppm. At the end of the 
experimental period, the percentage weight increase of the 100 ppm rats was equal 
to that of the controls, but that of the 1,000 ppm rats was lower. The mortality 
and growth data (Table 5) suggest that food containing 10 or 100 ppm of germa- 
nium is not chronically toxic to young growing rats but that a level of 1,000 ppm 
exerts significant chronic effects. It is interesting that none of the germanium- 
treated animals died after the fourth week despite the continued ingestion of 
approximately the same dose of germanium, as evidenced by the food consumption 
records. 

Germanium in Drinking Water: While none of the group given water con- 
taining 10 ppm died, five of the animals receiving 100 ppm and eight of those 
receiving 1,000 ppm had succumbed by the end of the fourth week. The growth 
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curves of the controls and of the rats whose drinking water contained 10, 100, and 
1,000 ppm of neutralized GeOgz are plotted in Chart 3. The 10 ppm group and the 
control group show a parallel growth rate. In the case of the 100 ppm group, there 
is a marked initial depression of growth during the first three weeks, after which 
the survivors gained weight faster than the controls for the remaining 10 weeks 
of the experiment. There is an almost complete inhibition of the early growth of 
rats receiving 1,000 ppm during the first three weeks. The survivors of this group 
then gained weight at about the same rate as the controls for the next five weeks, 
after which their growth ceased again. The results indicate that a water level of 
10 ppm is not chronically toxic to young growing rats, while levels of 100 and 1,000 
ppm are toxic and inhibitory to growth. As with the rats ingesting germanium- 
treated food, all the deaths suffered by the 100 and 1,000 ppm groups occurred 
during the first three to four weeks after exposure to germanium. Thereafter, the 
survivors grew as fast as or even faster than the control animals and seemed normal 


Tas_e 5.—Chronic Toxic Effects of Germanium Ingested in Food and Water on the Mortality, 
Growth, and Blood of Young Rats 


Weight Average Blood After 13 Weeks* 
Increase Daily Dose — 


No. of Sur- of GeOs RBC, WBC, Lympho- Segmented - 
Groups of 10 Dead vivors,% Mg./Kg./Day 108 108 eytes, % Forms, % 

Food, Ppm of Ge 

239 0.9 16.5 

215 8.4 8.6 8.9 

200 89.8 8 8.1 
Water, Ppm of Ge 

225 14 9.0 10.1 

245 8.7 12.3 

129 i 6.8 14.5 

Controls, no Ge... 215 8.6 8.1 


* Mean blood values of the survivors in each group. 


in appearance and behavior. This recovery despite the continued ingestion, as 
evidenced by the water consumption records, of approximately the same daily dose 
of germanium that caused the initial intoxication may be due either to the survival 
of the hardiest or to the development of an acquired tolerance. That the latter 
explanation is more plausible will be shown presently. 


Table 5 summarizes the chronic toxic effects of germanium when ingested in 
the food or water of rats. It may be noted that both the groups receiving 100 ppm 
in water and the groups receiving 1,000 ppm in food experienced the same mortality 
despite the ingestion by the latter animals of a daily dose fivefold that of the former. 
This observation suggests a significantly smaller absorption of germanium from dry 
food than from water. In a previous report,'! it was demonstrated that a neutralized 
solution of GeOz is readily absorbed from the gastrointestinal tract of the rat. 
Because of the low solubility of GeOx, however, it is probable that a large amount 
of the germanium admixed with powdered dry food in proportions as large as 100 
and 1,000 ppm would not be solubilized in the small volume of the rat’s digestive 
juices and would pass through the intestinal tract unabsorbed. 

It may be further observed that the 100 ppm water group which ingested 17 
mg./kg. per day or 119 mg./kg. per week experienced a 50% mortality, while a 
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similar group of young rats concurrently treated with 50 mg./kg. per week sub- 
cutaneously exhibited no toxicity. Although the oral group was exposed to more 
than twice as much germanium as the subcutaneous group, it would appear from 
these data and previous data on parenteral toxicity that germanium compounds are 
perhaps more toxic by mouth than parenterally. The severe diarrhea, peritoneal 
effusion, and multiple petechiae of the walls of the small intestine following large 
parenteral doses of germanium have already been mentioned. In fact, of all the 
body tissues, the small intestine seems to be the most susceptible to damage. In 
view of the probable local irritation effect on the small intestine and the absorption 
when ingested, as well as the fact that less than 10% of a parenteral dose is excreted 
via the feces, one might expect germanium compounds to be more toxic -by oral 
than by parenteral administration. 


100 ppm 


10 ppm 

320-—- Controls 
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Chart 3.—Chronic toxic effect of water-ingested germanium on the growth of young albino rats. 


At the end of the experimental period, no difference in gross morphology or in 
the abdominal content of adipose tissue wes noted between the germanium-treated 
and the control animals. The failure of widely different levels of germanium in 
ingested food or water to exert appreciable hematological changes in the rat is 
demonstrated by Table 5. No significant differences in the count and percentage 
composition of the white blood cells or the count of the red blood cells can be 
observed between the control and the germanium-treated animals, except in the 
case of the 1,000 ppm water group whose erythrocyte count was 6,800,000. Thus, 
it appears that doses of chronically ingested germanium, varying widely from non- 
toxic to toxic levels, do not exert a hemapoietic effect and, if large enough, may 
even result in an actual depression of the hemapoietic system. 

Topical Administration—Cutaneous Effects: To ascertain the local skin 
response to germanium, the backs of eight adult rats were shaved without abrasion 
and divided into two equal sections longitudinally. One of these sections was 
thoroughly wetted twice a day for two weeks with a neutralized GeO» solution 
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(pH 7.3) containing 6.67 gm. per liter, and the other was treated similarly with 
a solution of isotonic saline. At no time during or after the experimental period 
was any difference noted between the control and the germanium-treated skin sec- 
tions. The germanium solution did not induce skin irritation, as evidenced by the 
absence of rubefaction, vesication, pustulation, or corrosion. The organs appeared 
normal upon gross examination. 

Hematological Effect of Sodium Germanate: Hematological studies of 45 young 
adult rats after 6 and 12 hours and 1, 2, 3, 4, 7, 14, and 25 days following intra- 
peritoneal injection of 40 mg./kg. of NazGeOs, demonstrated no significant differ- 


TABLE 6.—Effect of Germanium Adminis tration in Varying Doses and by Different 
Routes on the Blood of Albino Rats 


Seg- 

Time mented 

After Lympho- Neutro- Hb, 
Admin. Dosage, No. of No. of Last RBC, WBC, cytes, — philes, Gm./ 
Route* Preparation Mg./Kg. Doses Ratst Dose 108 108 % % 100 Ml. 
GeoO: soln. 100 8 (weekly) ’ 8.7 20 15.0 
Neutr. 100 8 )weekly) 8.3 8 14.9 
Ge-glycerin 100 8 (weekly) 8.5 9.4 12 15.1 
Ge-mannitol 100 8 (weekly) ; 8.7 12 14.9 


9.1 


NaeGeOs 40 
NaoGeOs 40 
NaeGeOs 40 
NaeGeOs 40 
Na2GeOs 40 
NazGeOs 

NaeGeOs 

Na2GeOs 

NasGeOs 

Na2GeOs 

Controls 


6 hours &.8 
12 hours &.8 
l day 8.3 
2 days 8.3 
3 days 
4 days 
7 days 
14 days 
25 days 


oo or or or 


o 


I, 
I. 
I. 
I. 
i, 
L 


8. Q. Neutr. 13 (weekly) 
Oral (food) Neutr. GeOs 9 91 (daily) 
Oral (food) Neutr. 91 (daily) 
Oral (food) Neutr. GeOx 9. 91 (daily) 
Oral (water) Neutr. 91 (daily) 
Oral (water) . GeOr 91 (daily) 
Oral (water) GeOs ig 91 (daily) 
Controls 


for intraperitoneal; S. Q., for subcutaneous. 
ence between them and the controls injected with an equivalent volume of isotonic 
saline with respect to number of circulating erythrocytes, hemoglobin content, or 
qualitative and quantitative leucocyte count. Rats given eight weekly intraperitoneal 
doses of 100 mg./kg. of NayGeQOs also failed to show either an increased hemo- 
globin level or red blood cell count when killed one week after the last injection. 
Table 6 is a résumé of all the hematological studies mentioned in this report. 
Acquired Tolerance to Germanium: The results of studies to determine whether 
pretreatment with inorganic and organic preparations of germanium leads to the 
development of a tolerance or increased resistance to germanium are shown in 
Table 7. None of 40 rats which had received eight weekly, intraperitoneal doses of 
100 mg./kg. of either inorganic germanium or germanium complexed with mannitol 
or glycerin died when injected intraperitoneally with 1,000 mg./kg. of neutralized 


i 

1 14.5 66 34 15.0 
1 12.9 72 28 14.8 
1 13.7 63 27 14.7 
| 1 11.0 80 20 15.0 
1 11.8 63 27 14.6 
: 1 10.9 81 19 15.0 
1 14.9 79 21 14.7 
1 | 15.2 67 23 14.9 
1 | 24.1 83 7 14.8 
) 8 (weekly) 1 week 8.1 32.9 60 40 14.5 
8.7 14.8 7 23 15.1 
ae 10 1 week 9.1 10.5 80 2% 15.0 
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GeO, one week after the last preliminary dose. Seventy-five per cent of a normal 
or untreated group given the same test dose succumbed overnight. It is interesting 
that previous exposures to organic complexes of germanium prevented the lethal 
effect of a subsequent dose of inorganic germanium (neutralized GeO.). That the 
acquired tolerance to germanium is not of long duration is demonstrated by the 
50% mortality of rats similarly pretreated but given the 1,000 mg./kg. test dose 
six weeks after the last preliminary dose. 


COMMENT 


Reference has already been made to the earlier reports claiming an erythro- 
poietic effect from GeOz or NayGeOs; administered parenterally to rats. The 
various studies described herein in which single or chronic, oral or parenteral, 
nontoxic or toxic doses of germanium were administered failed to reveal any 
erythrocytotic effect indicative of a stimulation of the bone marrow. Mueller and 
Iszard * proposed the theory that GeO, increases the oxygen-carrying capacity of 


TABLE 7.—Development of Tolerance to GeOs After Pretreatment with Inorganic and 
Organic Preparations of Germanium 


No. of Weeks 


Between Rats Killed 
No. of Weekly Last Prelim. by Test Dose 
I. P.*Doses, No. of Dose and = 

Rat Group 100 Mg./ Keg. Rats Test Dose No. % 
Organie Ge complex................ 8 20 1 0 0 
Controls, untreated ............... 0 20 0 15 75 


*I. P. stands for intraperitoneal. 


the blood and thereby stimulates erythropoiesis. If this were true, one might expect 
an experimental anemia rather than polycythemia, since hypoxic—not hyperoxic— 
conditions provide a physiological stimulus to erythrocytosis. Hammett and 
Nowrey,* who also claimed a marked and sustained rise in the number of circulat- 
ing erythrocytes, suggested that “the persistence of the effect may well be due to a 
gradual release of the stimulating compound (Ge) from a protoplasmically bound 
condition.” The biochemical studies previously reported '! demonstrated that the 
postabsorptive blood levels are insignificant after two hours and that germanium 
is not protoplasmically bound but remains in diffusible form in the intracellular 
and extracellular body water while being rapidly excreted via both urine and feces. 

Although a solution of the controversy concerning the hemapoietic effect of 
germanium was not the object of the present investigations, nor were any experi- 
ments designed specifically to that end, nevertheless, it may be appropriate to offer 
some pertinent suggestions in the light of more recent knowledge. If we assume 
that germanium is not a hematinic agent, we must then explain the contradictory 
observations of several investigators. The possibility that germanium might some- 
times promote an apparent but false polycythemia is suggested by the acute toxicity 
studies. Lethal or near-lethal doses of GeO, cause a pronounced transudation of 
plasma into the lungs, peritoneal cavity, and small intestine, with consequent dehy- 
dration and hemoconcentration. Moreover, the intra-alveolar hemorrhages elicited 
by massive doses could lead to an inefficient respiratory exchange, with a con- 
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comitant hypoxic stimulation to erythrocytosis. There is also the possibility that 
GeO, employed years ago was contaminated by traces of other metals which we now 
know to possess hemapoietic properties. For example, the germanium could have 
contained catalytic amounts of copper if obtained from enargite, a copper mineral 
in which germanium occurs in the United States.'® If, on the other hand, we assume 
that germanium is an erythropoietic agent, we are confronted with the negative 
evidence of many other workers. An experimental anemia produced by an agent 
such as phenylhydrazine,’® which not only causes destruction of red blood cells but 
is also toxic to the liver, is not a valid basis upon which to evaluate an erythro- 
cytosis-promoting effect of germanium. Moreover, the effect of other salts or ions 
in the diet must be considered in view of salt antagonism and balances. For example, 
it is now known that dietary copper can antagonize the toxic action of ingested 
molybdenum and nullify the polycythemic effect of cobalt. 

The almost complete loss of retroperitoneal fat tissue reported by Mueller * 
and confirmed by Hueper * in rabbits and guinea pigs was not observed in rats 
subjected for 13 weeks to chronic doses of orally administered neutralized GeOQs 
varying from nontoxic levels, nor was it noted in rats given acute lethal or multiple 
sublethal parenteral doses. A loss of fat did occur in rats injected intraperitoneally 
with repeated sublethal doses of Na2GeOs, but this action was shown by the con- 
trols to be due entirely to its alkalinity rather than to its GeO. content. Mueller 
attributed the rapid loss of adipose tissue following toxic doses of GeO» to a marked 
increase in oxidative metabolism resulting from the reversible oxidation and reduc- 
tion of germanium in the lungs and tissues. The present data indicate that rats 
experience a profound metabolic depression and hypothermic shock after receiving 
toxic doses of neutralized GeO». 

Perhaps the outstanding property demonstrated by the biochemical and the 
toxicological studies of germanium is its pharmacological inertness and innocu- 
ousness as compared with most of the other elements of the periodic system. This 
characteristic is partly, at least, related to the fact that it does not behave bio- 
chemically like a heavy metal and exists in the body water in diffusible form, 
unbound by protein or other macromolecules. Thus, its rapid deposition in and 
elimination from the various tissues can be accomplished by simple diffusion through 
capillary and cellular walls and its rapid urinary excretion, by glomerular filtration. 
In view of its amphoteric nature, it is obvious that the toxicity of large doses of 
germanium administered as GeCi, or NagGeO; would be due to the acidosis- or 
alkalosis-producing action of its readily hydrolyzable salts rather than to their 
germanium content. A significant toxicity of other germanium compounds would 
probably be due to the toxicity of the nongermanium inorganic, aliphatic, or aro- 
matic portion of the molecule. Germanium probably resembles silicon the most 
in its physical and chemical properties, but it differs physiologically from the latter 
in that it is not a threshold substance normally occurring in the body; it is not 
stored in any organ or tissue, such as the hair, and it does not possess the capacity 
of inducing fibrotic nodules. This last fact may be significant from a public health 
standpoint in that large quantities of coal yielding an ash content of 1% of ger- 
manium are burned in some industrial areas. 


15. Brewer, F. M., and Holi, D. A.: Enargite as a Possible Source of Germanium, J. Am. 
Chem. Soc. 49:3028, 1923. 


16. Bodansky, M.: The Effect of GeO, on Phenylhydrazine Poisoning, Proc. Soc. Exper. 
Biol. & Med. 20:536, 1923. 
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SUMMARY AND CONCLUSIONS 


Data are presented on the physiological effects of germanium by various routes 
of administration. 

Single Intraperitoneal Dose: The maximum tolerated, minimum lethal, and 
absolute lethal doses of neutralized GeO. (pH 7.3) approximate 600, 700, and 
1,200 mg./kg., respectively. The major clinical and morphological changes observed 
after a single lethal dose are profound hypothermia and _ listlessness, marked 
diarrhea, sluggish blood flow, edematous or hemorrhagic lungs, peritoneal effusion, 
and multiple petechiae of the walls of the small intestine. 

Multiple Intraperitoneal Doses: Eight weekly injections of 100 mg./kg. of 
germanium caused no abnormal hematological or gross morphological alterations 
and exerted no inhibitory effect on the continued growth of adult rats. 

Particulate GeO.: Rats injected with eight weekly intraperitoneal doses (200 
mg./kg.) of a GeO, suspension exhibited no fibrotic nodules or necrotic process. 

Single Subcutaneous Dose: Injections ranging from 150 to 600 mg./kg. of 
neutralized GeO, produced no evidence of local tissue damage or systemic toxicity. 

Multiple Subcutaneous Doses: Young rats injected with weekly doses of 50 
mg./kg. of neutralized GeOz did not show signs of local tissue destruction or sys- 
temic toxicity and grew at a normal rate. 

Chronic Oral Doses: Food containing 1,000 ppm or water containing 100 ppm 
of neutralized GeOz inhibited the growth of young rats and caused a 50% mor- 
tality. All the deaths occurred within four weeks, after which the survivors seemed 
to recover despite the continued ingestion of approximately the same daily dose of 
germanium that caused an initial intoxication. Autopsy of groups fed food con- 
taining 10, 100, and 1,000 ppm and water containing 10 and 100 ppm of neutralized 
GeQOz revealed no signs of hematological or gross anatomical pathology. 

Topical Application: Neutralized GeO, applied topically to the shaved skin of 
the rat twice a day for two weeks induced no skin irritation or other cutaneous 
effects. 

Acquired Tolerance: Repeated sublethal doses of neutralized GeO, were well 
tolerated and raised the resistance to a subsequent lethal dose. The acquired toler- 
ance to germanium declined significantly within six weeks after the last sublethal 
injection. 

The hemapoietic effect reported in the literature was not observed after oral or 
parenteral administration of various preparations of germanium in acute or chronic 
doses, varying from nontoxic to toxic levels. 

The claimed fat-mobilizing action was also not observed except with NagGeOs, 
which caused a loss of adipose tissue because of its alkalinity. 

In contrast to reports of an increased oxidative metabolism, the data demon- 
strated a direct proportionality between the dose of GeO. administered and the 
intensity as well as the duration of hypothermia in the rat. 

Germanium does not behave physiologically like a heavy metal. It is pharmaco- 
logically inert as compared with most of the other elements of the periodic system. 
A significant toxicity of any of its compounds would likely be due to the toxicity 
of the nongermanium inorganic, aliphatic, or aromatic portion of the molecule. 


L. J. Louviere, Chief Hospitalcorps Man, U. S. N., assisted with the hematological surveys. 
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ABSENCE OF TOXIC MANIFESTATIONS IN WORKERS 
EXPOSED TO CHLORDANE 


WALTER C. ALVAREZ, M.D. 
AND 


SAMUEL HYMAN, M.D. 
CHICAGO 


N RECENT years a number of investigations have been carried out to determine 
the chronic toxicity of insecticides, particularly since the development of the 
new insecticides which are chlorinated hydrocarbons. Such tests have indicated that 
chlordane ), 
when injected into animals in certain dosages, affects the liver, kidneys, lungs, 
intestines, and nerves in varying degrees. It appears particularly to affect the liver. 
Princi and Spurbeck ' reported the results of a clinical and laboratory study of 
22 persons exposed for from one to three years to chlordane durir< the manu- 
facturing process. The authors stated that the chemical did not produce detectable 
harmful effects among persons who were daily exposed to the concentrations which 
were encountered during manufacture of the substance. None of the organs of 
the persons exposed appeared to have been injured. 


MATERIAL AND METHODS 


We here report a clinical and laboratory study of 24 men, who while manu- 
facturing chlordane at a plant (not the one concerned in the study made by Princi 
and Spurbeck) were exposed to the material for periods of from two months to 
five years. Because studies on animals have shown that chlordane when injected 
can have a particular effect on the liver, in this study we included a careful investiga- 
tion of liver function. The men studied were exposed to the drug through inhalation 
and contact with the skin. 

It might be noted here that chlordane as manufactured is a dense, sticky material 
which has an odor but is not highly volatile. 

The examinations performed on April 11 and 12, 1952, consisted of the following 
procedures: (1) taking of a history, (2) physical examination, (3) chest x-ray 
examination, (4) sulfobromophthalein sodium dye excretion test of liver function, 
(5) thymol turbidity test of liver function, (6) total bilirubin in the blood (van den 
Bergh test), (7) hemoglobin (photoelectric method), (8) sedimentation rate 
(Wintrobe, corrected method), and (9) urinalysis (including estimations of uro- 
bilinogen and bile in the fresh specimen ). 

While taking the history in each case, we were particularly careful to estimate 
the amount of exposure to chlordane. The man who had the heaviest and most 


1. Princi, F., and Spurbeck, G. H.: A Study of Workers Exposed to the Insecticides 
Chlordan, Aldrin, Dieldrin, A. M. A. Archives Indust. Hyg. 3:64-72 (Jan.) 1951. 
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constant exposure was the one who filled the drums. Incidentally, this man had 
no complaint in regard to his health and had normal findings both on physical 
examination and laboratory studies. 

The history included a detailed search for symptoms and signs of liver damage, 
such as jaundice, gastrointestinal upsets, right upper quadrant abdominal pain and 
tenderness, undiagnosed fever and fatigue, and changes in color of urine and stool. 
Similarly detailed search was made for symptoms of neuritis or injury to nerves. 

We questioned each man as to whether or not he had reason to fear chlordane, 
whether he thought it had harmed him in any way, or whether he had heard other 
workers speak of being injured by it. We asked if it was customary for men in 
the plant to lose time from work because of illness thought to be due to chlordane. 

We were greatly impressed by the fact that no one feared the chemical. No one 
thought that he or any one else had been harmed by it. Significant was the fact 
that in the plant, the time lost from illness was negligible. The only complaint any 
one made was about an occasional exposure to leaking chlorine gas. 

The physical examination consisted of a detailed survey of the unclothed worker 
and a search for skin lesions and enlarged glands. The fundi were looked at; the 
blood pressure was taken; and examination was made of the heart, lungs, and 
abdomen. Enlargement of liver and spleen and ascites were looked for; edema was 
looked for, and neurological and rectal examinations were made. 


RESULTS 

The clinical and laboratory results of the study are given in the Table. 

The ages of the men varied from 21 to 49 years, with the majority of the workers 
in the 20 to 35 year age group. 

None of the men had any symptoms of cirrhosis of the liver or hepatitis, 
nephritis, or injury to the lungs. Only one man had a mild indigestion, but that 
was of the typically nervous type seen every day in the offices of gastrointestinal 
specialists. We had no reason to believe that in the case of this one man the 
symptoms had anything to do with chlordane. 

It should be noted that in the cases of the 24 men about the only portals of entry 
to the body for chlordane could be the lungs and the skin. Most men wore canvas 
gloves, which quickly became soiled and saturated with chlordane, and so there was 
a good chance for absorption through the skin. However, there were no complaints 
of skin irritation. The men usually washed their hands before eating. 

On physical examination, we discovered two men with hypertension and one 
with slight scoliosis of the thoracic spine. The hypertension in both cases was mild, 
and all the other findings of blood and urine were normal. The examination of the 
retinas showed no disease. In our opinion, the finding of two cases of hypertension 
is of no significance, since in any group of 24 men, several of whom were over 40, 
one would expect to see at least two cases of the usual essential type of high blood 
pressure. 

Chest x-ray studies revealed minimal shadows in the lungs of seven men who 
had no symptoms, such as fever or cough, to make one suspect active tuberculosis. 
Also, against any activity was the presence of a normal blood sedimentation rate. 


In six cases there was an old pleural thickening, and in one case a possibly enlarged 
hilar node. 
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EXPOSURE TO CHLORDANE 483 


The chemical studies did not reveal any evidence of injury to the liver, kidneys, 
and blood-forming organs. The hemoglobin readings, red blood cell counts, sedi- 
mentation rates, and results of the sulfobromophthalein sodium dye retention tests, 
thymol turbidity tests, and tests for total bilirubin and nonprotein nitrogen in the 
blood were all within normal limits. None of the urine specimens contained an 
excess of urobilinogen or detectable amounts of bile. 

One man had 0.25% of sugar in the urine, and his fasting blood sugar was 
slightly elevated. This one case of mild diabetes was probably also only an accidental 
finding. Diabetes is such a common disease that one case could be found in any 
group of adults. 

An occasional blood nonprotein nitrogen value slightly above the so-called 
normal, as was found in several of the men, had no significance in the presence of 
normal urine, hemoglobin, and blood pressure readings. 

In the few cases in which the sulfobromophthalein sodium test showed a slight 
retention, we doubted that this had any significance, because in these cases the 
highly sensitive thymol turbidity test showed nothing abnormal. In all instances, 
the normal blood sedimentation rate indicated absence of smoldering infection or 
any serious disease. The hemoglobin readings were remarkably high, showing that 
there was no injury to the blood or blood-forming organs. 


SUMMARY 


Twenty-four men, aged from 21 to 49 years, who were exposed to chlordane for 
periods of from two months to five years while working in a plant where it was 
made were given a complete examination, including several blood chemical and urine 
studies. One person with diabetes and two with essential hypertension were found. 
Their diseases were thought to be incidental. Seven men were found to have slight 
fibrotic changes in the apices of the lungs without any evidence of activity. We do 
not believe that these lung findings had anything to do with the chlordane. There 
was no evidence of any abnormality in the liver, kidneys, skin, and nervous and 
blood-forming organs. 

The good health of 24 men who were daily exposed to chlordane during its 
manufacture indicates that when it is breathed or placed in contact with the skin it 
is innocuous. Because it is a dense, sticky substance, probably but little goes into 
the body through the lungs. These new results confirm those of Princi and Spurbeck. 


i 
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Abstracts from Current Literature 


General 
PuysicaAL REHABILITATION. BruCE YounG, Occup. Health Rev. 4:1 (March) 1953. 


Physical rehabilitation should be instituted as soon after specific medical or surgical treat- 
ment as possible. The key to successful rehabilitation is therapeutic exercise. An exercise 
program is aimed at preventing physical deconditioning, maintaining or increasing muscular 
strength and joint mobility, and regaining muscular coordination. Three basic qualities of 
muscle function may be affected—power, elasticity, and coordination. Exercises may be used 
to restore muscular activity by restoring any or all of these qualities. 


C. A. Cowarp1n, Boston. 


ProsLEM DRINKING IN INpUsTRY. R. G. BELL, Occup. Health Rev. 4:7 (March) 1953. 


The author reviews the advances made in the last 20 years in the handling of alcoholic 
employees. Treatment of such persons has turned from purely disciplinary methods to an 
acceptance of the alcoholic as a sick person and the use of medical means to deal with the 


problem. C. A. Cowarpin, Boston. 


INCIDENCE OF Pepric ULCER AND CHRONIC GASTRITIS AMONG SWEDISH SEA Pixots. ToRE 
DaLuaMn, Brit. J. Indust. Med. 10:157 (July) 1953. 


A total of 416 men working in pilot stations were questioned as to the incidence of peptic 
ulcers and chronic gastritis. It was found that 73 cases of chronic gastric disturbances had 
occurred. The incidence was 17.5%, 9.6% were cases of ulcer and 7.9% cases of chronic 
gastritis. The incidence was higher at the stations where the work was heaviest and the 


hours more erratic. B. H. Amour, Boston 
, Boston. 


Occupational Diseases and Hazards 


ForMATION oF SiLicotic Tissue. P. F. Hort and S. G. Ossorne, Nature, London 171:892 
(May 16) 1953. 


Electron micrographs of normal connective tissue reveal a very fine protein network super- 
imposed on a much coarser network. The interstices are filled with protofibrils and mucopoly- 
saccharidic acids of high molecular weight. It has been shown that the resistance of thin sheets of 
tissue to the passage of saline is markedly decreased when mucopolysaccharides are removed 
by hyalase hydrolysis but that subsequent treatment with chondroitin sulfuric acid again reduces 
the tissue permeability. The authors have found with the use of the same technique, that dilute 
silicic acid solutions behave in a similar manner to chondroitin sulfuric acid. They advance the 
hypothesis that when pathologic changes are initiated by the inhalation of silica, silicic acid 
functions as an interfibrillary substance analogous to the mucopolysaccarides. In normal fibrous 
tissue the mucopolysaccharides are constantly being destroyed by the mucopolysaccharases 
present in the tissue but are replaced by fresh mucopolysaccharides synthesized by fibroblasts. 
On the other hand, the polysilicic acids can be removed only by the slow process of physical 
solution, which is retarded as the silicic acid accumulates. Aluminum and beryllia can cause 
similar pathologic changes. 


Inpust. Hyc. DiceEst. 
INVESTIGATION OF CoTTon INDUSTRY WORKERS WITH SPECIAL REFERENCE TO LUNG 
Injuries. Tore DaLHaMN and Lars Friperc, Nord hyg. tidskr. No. 7-8 141, 1953. 

A clinical investigation has been carried out on 40 male workers engaged in bale working, 
picking, carding, and spinning in four cotton industries. The investigation has included the 
484 
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taking of an anamnesis, physical examination, routine examinations of blood and urine as well 
as x-ray and spirometric examinations of the lungs, working tests and intracutaneous tests with 
cotton extracts. 

Four of the workers had probably had symptoms of “mill fever.” In three cases there was 
probably emphysema, but on the whole both the lung function and physical working capacity 
were normal. It may with some confidence be asserted that the assumption of a connection 
between the rather exceptional occurrence of impaired lung function and the exposure to cotton 
dust is unjustified. 

Dust tests with the midget impinger were carried out at two of the factories. The conditions 
of exposure were on the whole the same. The highest dust count occurred in the carding rooms 
(about 150 particles per cubic meter of air). Considerably worse conditions had been obtained 
earlier, but good technical protective devices had now been installed. Cotton of a high degree 
of purity was used. 

The investigation results do not afford a sufficient basis for the establishment of a general 
maximum allowable concentration (M. A. C.) value for cotton dust. Where cotton of the 
degree of purity in question is used, however, a concentration of 150 particles per cubic meter 
of air (and probably also considerably higher) may scarcely be presumed to give rise to lasting 


lung injuries even in cases of prolonged exposure. Busses Suuine 


Siticosts ContTROL IN AN EskitstuNA Factory. OLtor SANpstTrOM, Nord. hyg. tidskr. No. 7-8 
1953. 


The author gives an account of the investigation of the frequency of silicosis at Bolinder 
Munktell’s Foundry in Eskilstuna. The results agree, on the whole, with the average fre- 
quency for Sweden as regards the rinsers of cast iron, while the frequency of silicosis among 
the molders is strikingly low. The occupational hygiene measures for the last-mentioned group 
of workers are satisfactory and include inter alia a central plant for the preparation of sand. 
The author states as a desideratum an improved and more risk-free technique from the hygienic 
point of view and one which may replace especially the present rinsing of cast iron by hand. 


ENGLISH SUMMARY. 


Industrial Toxicology 


SoME OBSERVATIONS ON THE ABSORPTION AND EXCRETION OF 4,6-DINITRO-0-CRESOL 
(DNOC): I. BLoop DNOC Levets 1n THE Rat AND Rapsit FOLLOWING DIFFERENT 
MetHops oF AssorpTion; II. E_rmination oF DNOC sy MAN AND By ANIMALS. 
E. Kine and D. G. Harvey, Biochem. J. 58:185 and 196 (Jan.) 1953. 

4,6-Dinitro-o-cresol (DNOC) can be absorbed into the blood of rats and rabbits by ingestion, 
by inhalation, and through the skin. 
The rat can maintain significant blood DNOC levels following repeated daily doses of 

5 to 20 mg./kg. Definite accumulation of DNOC in the blood occurs with two daily doses, 

but thereafter repeated daily doses cause very slight increases or decreases which are of doubt- 

ful significance. 

An apparatus is described for producing a DNOC aerosol. 

The rabbit can absorb DNOC through the skin. Repetition of the application caused increases 
in blood DNOC levels. 

At levels of about 100 y DNOC per gram of blood rats may die either as a result of further 
doses of DNOC or as the result of an increase in the environmental temperature. 

Increases in environmental temperatures cause the mortality of rats dosed with DNOC to 
increase, but they do not cause any significant changes in blood DNOC levels. 

The blood 4,6-dinitro-o-crescl (DNOC) decay curves have been studied in man, the rat, and 
the rabbit. 

The ability to eliminate DNOC appears to be in the order rabbit > rat > man. 


The storage of DNOC is discussed, and it is suggested that the extracellular fluids are the 


principal internal stores of DNOC because albumin links with DNOC. Buu. Hye 
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URINARY PorPHYRINE IN LEAD-TREATED Rappits. A. Comrort and M. WEATHERALL, Biochem. 
J. 54:247, 1953. 


Chromatography has made it possible to separate and identify porphyrins not previously 
described. The ether-soluble porphyrins in urine from animals exposed to lead were always 
thought to be coproporphyrin III, but recent studies have revealed dicarboxylic, tricarboxylic, 
pentacarboxylic, hexacarboxylic, and heptacarboxylic porphyrins. In rabbits maintained on a 
porphyrin-producing lead intake, the chief ether-soluble porphyrins extracted from the urine 
have been coproporphyrin III and possibly a very small amount of coproporphyrin I. By means 
of kerosene chromatograms evidence was obtained for the existence of porphyrins with two, 
three, six, and possibly five carboxyl groups. Evidence was also obtained for the existence of 
a tetracarboxylic porphyrin, which is not identical with coproporphyrin I or coproporphyrin ITI. 


Cuem. Asst. 


RESPIRATORY DrsorpERS AMONG WELDERS. Rospert CuHarr, J. A. M. A. 152:1520 (Aug. 15) 
1953. 


The clinical and roentgenologic findings in seven welders with respiratory disorders are 
described. In three, the symptoms were sufficiently serious to necessitate a change of occupation. 
Biopsy of the pulmonary tissue and studies of pulmonary function may aid in the study of this 


condition. AuTHor’s SUMMARY. 


BAL Tuerapy 1N Curonic Leap Portsoninc. C. J. Pirozzi; 
ANDREW V. BeEpo, and KENNETH G. JENNINGS, Pediatrics 10:603 (Nov.) 1952. 


Three cases of chronic lead intoxication have been presented which were treated with 
dimercaprol (BAL) in a dose of 4 mg./kg. body weight every four hours for 2) days. Cessation 
of symptoms was noted in every case. Resting urinary lead levels were increased three to 
sevenfold without exacerbation of symptoms of plumbism. BAL was found to be nontoxic in 
the dose used and acted as an effective deleading agent. The authors feel that this form of 
treatment merits use in both chronic and acute phases of lead intoxication. 


Sci. Asst. 
ENHANCEMENT OF Leap Excretion in HuMANS By Drsopium CaLcituM ETHYLENEDIAMINE 


TETRAACETATE. M. Rupin; S. Gicnac; S. P. BessmMAN, and E. L. Be_Knap, Science 
117:659 (June 12) 1953. 


Ethylenediaminetetraacetic acid (EDTA or Versene), a synthetic chelating agent, depletes 
body calcium, but the disodium calcium salt is nontoxic, does not deplete calcium, and is useful 
in removing lead from the system. Its effect on urinary lead excretion in four persons is tabu- 
lated. The data reported indicate that administration of calcium EDTA resulted in marked 
enhancement of lead excretion. Preliminary clinical findings have been reported elsewhere. 
and a more extensive description of the medical findings is in preparation. 


Inpus. Dicest. 


InpusTRIAL Toxicotocy. D. Hunter, J. Pharm. & Pharmacol. 5:145 (March) 1953. 


This review concerns the toxicity of a group of metals—beryllium, cadmium, osmium, and 
vanadium—and of certain highly dangerous substances now widely used as agricultural sprays— 
dinitro-o-cresol and the organic phosphorus insecticides. Each substance is given a short sec- 
tion in which present knowledge of its toxicity is summarized. 


ang 


CONDENSED FROM BuLtL. 


METABOLIC TRANSFORMATIONS OF ORGANIC Porsons: INTEREST IN THEIR STtupy. R. TRUHAUT, 
Ann. pharm. franc. 10:46-78, 1953. 


This is a general review in which the author studies successively aromatic hydrocarbons, 
chlorohydrocarbons, alcohols, nitriles, aromatic nitro and amino derivatives, pyridine bases, and 
alkaloids. 

In his conclusions, he points out the interest in studies of the metabolism of the poisons present 


both from the analytical and the biological points of view. R. Trvunaut, Paris. 
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FLuoroses: THEIR IMPORTANCE IN INDUSTRIAL AND Foop HyGIENE: ANALYTICAL TECHNIQUES 
APPLICABLE TO THEIR Stupy. R. TruHaut, Bull. Soc. pharm. Bordeaux 90:252, 1952. 


This is a general review devoted to the study of chronic intoxication from fluorine originating 
from geological or industrial sources. The author discusses the etiology, symptomatology, 
therapeutics, and prophylaxis. He presents also methods for the determination of fluorine in 
biological media, including his own experimental work. In conclusion, he indicates the principal 
results obtained by the application of these methods to the study of the distribution and elimina- 


tion of the poison. R. Truw#avt, Paris. 


Curonic BENZENE Porsontnc. O. ScCHILDKNECHT, Helvet. med. acta 19:119 Series A 
(May) 1952. 


The paper describes a clinico-laboratory study of four cases of chronic benzene intoxica- 
tion resulting from inhalation of the vapor of a solvent mixture (petroleum—benzene 4 : 1) 
employed in preparing adhesives. The patients, (three men, one woman) ranged in age from 
30 to 66 years, and exposure had been for six months to one year. The last patient, a housewife 
not employed in the works, became intoxicated through benzene vapor which leaked for many 
months through the ceiling of the factory into her house. No data are given on the number of 
persons at risk or on the working conditions in the factory. 

The patients presented with anemia, more or less pronounced in all, and marrow biopsies 
showed depression in all cellular elements. In three of the four cases, a megaloblastic marrow 
was observed, and the blood picture was characterized by macrocytosis, as in pernicious anemia. 
Reticulocytosis was observed in three cases., Leucocytes were decreased in numbers, with a 
relative lymphocytosis and a shift to the right in maturation of the polymorphs. The similarity 
with the blood and marrow picture in pernicious anemia is stressed. 

Increased urinary porphyrins were found in two cases, but neither isomer types nor con- 
centrations were recorded. 

[The paper includes a comprehensive review of chronic benzene intoxication.] 


J. E. Kencn, Bute. Hye. 


CuHronic MERCURIALISM IN Fett Hat Inpustries. G. Batpt; E. C. Vietiani, and N. 
Zvurto, Med. lavoro 44:161-198 (April) 1953. 

This 37-page article is a review of the occurrence of mercurialism in the felt-hat industry 
in Italy over the decade 1942-1952. During this period more than 300 cases occurred, two-thirds 
of which resulted in temporary disability and one-third in permanent invalidism. The cases 
tended to occur as epidemics. 

Toxicological investigations showed that the atmosphere in which the outbreaks occurred 
contained more than 0.5 to 1 mg. Hg per cubic meter, with a maximum of 2 to 3 mg. No cases 
occurred in atmospheres in which the concentration was lower than 0.1 mg. per cubic meter, 
thus confirming the American value for maximum allowable concentration. 

The clinical symptoms, which are described, did not differ from those normally observed 
in mercurialism. Means of technical and medical prevention are discussed. 


CONDENSED FROM ENGLISH SUMMARY. 


Two Cases or Acute INDUSTRIAL INTOXICATION FROM CHLORINE RAPIDLY RESOLVED WITH 
THERAPY. GrovANNI Donati, Med. lavoro 44:225 (May) 1953. 


Two cases of acute chlorine intoxication are presented. The patients were cured by means 
of alkaline aerosol inhalation of sodium bicarbonate and benzoate solution carried out immediately 
after the accident occurred. It is suggested that an aerosol apparatus be at hand at all times 


in plants in which chlorine poisoning is liable to occur. Hiucisem: Sonmane 


PROFESSIONAL PATHOLOGY FROM AcRIDINE. GrorGIO Babi, Med. lavoro 44:240 (May) 1953. 


Acridine is a fluorescent substance which has a distinct photodynamic action and is obtained 
from the distillation of tar. Industrially, it is used in the manufacture of coloring products and 
in a few pharmaceutical products, the principal one of which is quinacrine. In practice, 
toxic manifestations are found only in persons working in the preparation of this antimalarial 


[ 
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and are due to solvents and intermediates as well. Eye, respiratory, and skin symptoms are 
found. Skin symptoms are the severest. Prognosis is good, and recovery takes place after 
cessation of exposure. Good ventilation and protective equipment should be provided. 


CONDENSED FROM ENGLISH SUMMARY. 


RADIOLOGICAL OBSERVATIONS ON THE SKELETONS OF YOUNG PERSONS witH CHRONIC LEAD 
Potsontnc. N. MONGELLI SCIANNAMEO, Rass. med. indust. 21:281 (July-Aug.) 1952. 


This paper is an analysis and discussion of the author’s findings from the radiological study 
of the bones of nine subjects, pottery workers aged 15 to 22 years, who showed manifestations of 
chronic lead poisoning after occupational exposture to the lead hazard for periods of 3 to 10 
years. In the course of his paper the author comments on the previous and relevant work of 
numerous other writers from various countries. Such previous literature has generally covered 
subjects at lower ages; the nine subjects now reported on were old enough to have chronic 
lead poisoning develop but were not too old for active growth to be still taking place in certain 
bones. In his subjects the author of this paper found (1) markedly radiopaque bands of vary- 
ing thickness at the distal metaphyseal margins of radius, ulna, and femur and at the proximal 
metaphyseal margins of the tibia and fibula in three cases; (2) multiple transverse metaphyseal 
stripes (shadows), which are believed to be the remains of older “lead lines” in the distal 
metadiaphyseal region of radius and ulna and in the corresponding proximal region of the tibia 
in one of the three cases at stage 1; (3) a diffuse microlacunar osteoporosis, mainly affecting 
the lumbosacral region, in six cases, and (4) a platyspondylisis (flattening) of the last lumbar 
vertebrae in the same three cases as at stage 1. 

As a result of his study, this author infers that a “lead line” can be demonstrated by x-rays 
in the bones of subjects at an older age than has been yet reported by other workers and that 
these radiopaque bands can be a manifestation of occupational, chronic lead poisoning. The 
high values found for blood calcium in these subjects suggest that their osteoporosis was due to 
parathyroid stimulation by the lead poison. Malformations of the vertebral column showed 
some association with hereditary factors, the parents of the subjects affected having themselves 
suffered from chronic lead poisoning. 

[The account includes biochemical, histological, and other findings which it is difficult to 


summarize in this abstract.] J. Cavcut, Butt. Hye 


Curonic Leap PoIsONING AND CHANGES IN THE INTERNAL Ear. I. Batzano, Rass. med. 
indust. 21:320 (July-Aug.) 1952. 


The author reports his findings in an investigation of the function of hearing in 16 subjects, 
aged 18 to 50 years, who showed manifestations of chronic lead poisoning. All had been exposed 
to the lead hazard over a number of years through their work, but in some the poisoning was 
latent and could be demonstrated only by searching for lead in the urine with the dithizone 
method. In selecting his cases, the author took care to exclude all those subjects who had a 
previous history of defective hearing, vestibular symptoms, or signs of blocked tubes or lesions 
of the tympanic membrance or who were suffering from any catarrhal conditions at the time. 

Only 11 subjects were aware of any difficulty in hearing. In nearly all cases, hearing was 
of more or less normal acuteness for sounds up to a value of 512 v.d. [presumably vibrations 
per second] when transmitted through the air. In the medium range of 512 to 2,044 v.d., when 
transmitted through the air, the perception of the sounds was diminished; perception of higher- 
pitched sounds was very much diminished. When transmitted through the bone, the lower-pitched 
sounds were perhaps slightly diminished but still clearly heard, but perception of the sounds 
at all higher ranges was diminished as when transmitted through the air. 

The author believes that these defects of hearing develop slowly and urges that all those 
who show any congenial or other predisposition to defects in hearing should be excluded from 
exposure to the lead hazard. J. Cavent, Butt. Hye. 


DETERMINATION OF PoRPHYRINS IN URINE: PURIFICATION OF Extracts. F. P. MESORANA; 
J. B. Diez, and J. O. pe LA Ganpara, Arch. and exper. (Spanish) 15:327, 1952. 


Certain pigments interfere in the determination of urinary porphyrins by the method of 
Fischer. A modification in the technique of extraction is given. To 4 cc. of the hydrochloric 
acid extract there are added 4 cc. of 20% sodium acetate and 16 cc. of ether. After extraction, 
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separate the ether and add 12 cc. of sodium acetate solution. Extract and discard the aqueous 
phase. Wash the ether with water, and extract the pure urinary porphyrins with 10% hydro- 


chloric acid. Cuem. Asst. 


CADMIUM POISONING IN INDUSTRIAL OPERATIONS. Bonor, Werkst. u. Betrieb 85:234, 1952. 


Attention is called to the possibility of poisoning by cadmium vapors (melting point, 320 
9 C.; boiling point, 767 C.) as cadmium is used more and more, for instance, in solders, pig- 
ments, and a deoxidation agent for metal baths. According to Swedish investigations, amounts 
of 0.003 mg. of cadmium per liter of air are sufficient to produce chronic poisoning. Exhaust 
ventilation should be the main protective measure. 


ADAPTED FROM CHEM. Apst. [INpUst. CHEM. DicEst]. 


Toxicity oF VANADIUM: EFFECT OF VANADATE ON BLoop PRESSURE, RESPIRATION AND 
MorvTaLity, AND THE Use or Dimercaprot (BAL) as Antipote. Tore DALHAMN, SVEN 
ForssMAN, AND SVEN-GOsTa SyOBeERG, Acta pharmcicol. e toxicol. 9:11, 1953. 


The authors have investigated the effect of dimercaprol upon the toxicity of vanadium after 
subcutaneous injection of vanadate into white mice. The L. D. 50 for the vanadate-treated 
animals was 20.4 mg. V/kg. For the dimercaprol-treated animals, the L. D. 50 was 21.9 
mg. V/kg. 

Dimercaprol inhibits in cats and rabbits the reducing effect of vanadium upon the blood 
pressure, giving instead a rise in blood pressure. The effect of vanadium on respiration 
remains unchanged in rabbits. In cats, the efféct of vanadate upon respiration seems to be less 


yronounced after injection of di 
pronounced after injection of dimercapro Auruens’ 


METHEMOGLOBINEMIA AND COPROPORPHYRINURIA IN EXPERIMENTAL ANILINE POISONING 
(in E. Bartatini and L. Arhiv. hig. rada 4:121, 1953. 


The authors have tried to establish on test animals the relationship between the abnormal 
methemoglobinemia and the rise in coproporphyrinuria observed in aniline poisoning. Having 
observed that the rise of coproporphyrinuria is more pronounced when methemoglobin has 
already in a large part left the circulating blood, they deny that there are any relationships 


een the pigments. 
between the two pigment AvuTHOoRS’ SUMMARY. 


CLINICAL AND INpbusTRIAL HYGIENE Aspects OF OcCUPATIONAL MANGANESE POISONING. 
SerGijE DoGan and Tinomit Beritidé, Arhiv. hig. rada 4:139-212, 1953. 


Ten cases of manganese poisoning occurring in a plant producing manganese alloys are 
reported. All these patients were engaged in the same type of work in which they had a 
high exposure to manganese ore dust and manganese fumes. The manufacturing method of 
the plant is briefly described. The length of exposure to manganese varied between 18 months 
and 12 years. 

The two most prominent neurological signs corresponded to a mild form of parkinsonian 
syndrome, in two cases with prevailing unilateral manifestations. 

In the blood picture only a slight leucopenia in five patients was found. Liver function tests 
revealed no abnormalities. Liver biopsy performed in five cases showed no histological changes ; 
in one of these, however, a pigment which did not give positive reactions for iron was found 
in large quantities in liver tissue. 

Cerebrospinal fluid examined in eight cases gave normal findings in three and slight abnor- 
malities in the others. Six patients were submitted to electroencephalographic examination. 
Two of these showed abnormalities. 

Treatment with dimercaprol (BAL) and with pyridoxine was tried. Patients failed to 
respond to either kind of therapy. 

A review of the literature of manganese is given (189 references). Some control methods 
for the prevention of manganese poisoning are recommended. 


CONDENSED FROM ENGLISH SUMMARY. 
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DETERMINATION OF LEAD CONTENT OF BLoop IN RouTtINE PHysicAL EXAMINATIONS. 
Hotmautst, Nord. hyg. tidskr. No. 7-8 128, 1953. 


A spectrographic method was used to determine the lead content of blood at the periodical 
check-up examination of workers exposed to lead in a lead smeltery. With this method 2,280 
determinations have so far been carried out. The number of stipple cells varies considerably 
from day to day, both in persons exposed to lead and in persons not so exposed. To assess 
the risk of lead poisoning only in the light of the number of stipple cells is probably a rather 
uncertain method. The determination of the lead content in the blood contra urine is discussed. 
The value of the coproporphyrin determination as a routine method is also discussed. With 
a lead content in the blood of more than 100 ¥ per 100 cc., the writer found normal porphyrin 
values in the urine in 35% of the cases examined. 


IvaR 


ENGLISH SUMMARY. 


Determination of Air-Borne Contaminants 


Tue Pre-Impincer: A AERoso. SAMPLER. K. R. May, anp H. A. Druett, Brit 
J. Indust. Med. 10:142 (July) 1953. 


A simple device is described which when fitted to the front of an impinger divides the total 
aerosol sample into two particle-size fractions by means of size-selective impingement into 
liquid. The cut-off between the two fractions is set at 4 # to simulate nasal penetration. 

The preimpinger designed is essentially a glass bulb into which the air to be sampled passes 
through an orifice in the side of the bulb, thus eliminating an intake tube. The larger particles 
are caught in the liquid contained in the bulb. The preimpinger has a very high impingement 
efficiency in relation to its jet velocity, and the liquid level is not in any way critical. The 
high efficiency is due to a double impi1 gement process on the liquid surface. 

The particle intake efficiency at various wind speeds is given in detail and is shown to be 
good for particles smaller than 30 «. Empirical equations are given to show the relation between 
cut-off size, intake-hole diameter, and the jet velocity so that the cut-off size may be set to any 
desired figure in the range 2.5 to 8 uw. Internal losses were evaluated and shown to be small. 
Streamlines of flow into and around the device were investigated by means of smoke filaments 
in a wind tunnel. 

It is concluded that the particle retention of the preimpinger is similar to that of the nasal 
passages, while the material in the impinger is similar to that reaching the lungs. The pre- 
impinger seems to have some important advantages over other devices for selective sampling 


B. H. Amour, Boston. 


Ventilating, Air Conditioning, and Engineering Control 


VENTILATION FOR RapioacTivE Work. W. W. MclIntosu, Heat., Pip. & Air Cond. 25:98 
(July) 1953. 


This is the third in a series of articles on ventilation of plants processing radioactive materials 
The article outlines in detail the procedure for balancing a ventilation system: The importance 
of preventive maintenance and of policing the use of the system is stressed. 


A. T. Rossano, Boston 


Radioactive Substances and X-Ray 


Fietp Stupy oF RaproactivE Static ELtiminators. Georce W. Paut, anp SAuv J. Harris, 
Month. Rev., New York State Department Labor, 32:17 (May) 1953. 


The article describes the procedure and results of an industrial health survey of 103 
establishments using Ionotron (radium-bearing) Static Eliminators. A description of the design y 
and construction of these units is given. Specific instances of high radium exposure are related. 


Suggestions for safe use of these units are offered. A. T. Rossano, Boston 
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Protective MECHANISMS IN IonizING Rapration INyury. Harvey M. Patt, Physiol. Rev. 
33: 35-76 (Jan.) 1953. 


A comprehensive review is presented of present concepts of the nature of radiobiological 
effects and protective mechanisms in ionizing-radiation injury. 


Nuc ear Scr. Asst. 


REaAcToR-PRopuceD RapioactIvE Isotopes. SAMUEL C. INGRAHAM II; James G. TERRILL JR, 
AND Dape W. Moe tier, Pub. Health Rep. 68:609 (June) 1953. 


The authors review the data from the literature on the use and shipment of radioactive 
isotopes and the levels of radiation to’ which persons concerned in their use are exposed. They 


state that the distribution of radioactive isotopes has increased from 96 c. in 1947 to a total of 
4,250 c. by June, 1952. 


Safety in the transportation of this increased amount of radioactive material is assured by 
the regulations formulated by the Interstate Commerce Commission. These regulations limit 
both the quantity of radioactive substance that may be packed in an outside container and the 
amount of radiation from the container at specific distances. The distribution of radioactive 
isotopes is controlled by the Atomic Energy Commission. The allocation of isotopes is made 
only to those with the necessary training and equipment for the safe use of radioactive material. 

When radioactive isotopes are used in medicine, the radiation exposure is often great, and the 
patient may become a source of external radiation. The greatest danger in the use of these 


substances is that small particles may be ingested or inhaled. C. A. Cowassen, Bostes 


INVESTIGATION INTO THE RELATIONSHIP BETWEEN PuysioLoGicaLty Low Leucocyte 
Counts AND SICKNESS ABSENCE. F. M. Turner, Brit. J. Radiol. 26:417 (Aug.) 1953. 


The recommendations of the British X-ray and Radium Protection Committee for X-ray 
and Radium Workers (1948) state: “No person shall be employed as an x-ray or radium 
worker whose general health or the state of whose blood (as tested by a complete investigation) 
is in an unsatisfactory condition. If the repeated total white count and the lymphocyte count are 
below what may be considered as the lower limit of normal, the applicant should not be accepted.” 

The question was raised, “Is it true that apparently healthy individuals with a persistent low 
leukopenic count run a greater risk from exposure to radiation than those with counts in the 
so-called ‘normal’ ranges?” As far as the author is aware, there is no evidence that such persons 
are, in fact, more susceptible to illness than those with ccunts at the usual higher levels or that 
they show an inadequate response to infection. It was therefore thought that an examination of 
the medical and casualty records of the Atomic Energy Research Establishment employees with 
a physiological “leukopenia” might throw some light on this problem. 

The sickness and casualty records of 154 workers with persistently low leucocyte counts were 
compared with those of a group equivalent in number, sex, and age structure and with normal 
leucocyte counts. It was found that, while the casualty rates were similar in both groups, the 
sickness rates of the low-count group were significantly lower than those of the control group. 
It appears that a count persistently below 5,000 leucocytes per cubic millimeter or 1,500 lympho- 
cytes per cubic millimeter, is compatible with adequate resistance to infection and with speedy 
response of the cellular defense mechanism should infection occur. 

The suggestion is made that persons should not be debarred from taking up work with 
ionizing radiations or radioactive isotopes solely on the basis of a physiological “leukopenia”, but 
that the clinical assessment of general health should be the determining factor. 
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News and Comment 


BACK ISSUES WANTED 


Dr. E. H. Schiotz, Akersgt. 55, Oslo 11, Norway, desires to purchase the following issues of 
the Journal of Industrial Hygiene and Toxicology: Vol. 18 (1936) Nos. 5, 8, 9, and 10; Vol. 19 
(1937) Nos. 1 and 3; Vol. 20 (1938) Nos. 1, 2, 3, 4, 5, 7, and 8; Vol. 21 (1939) No. 8; Vol. 22 
(1940) Nos. 4, 5, 7, 9, and 10; Vol. 23 (1941) No. 2; Vol. 24 (1942) Nos. 1-4 and 6-10. Any 
institution or private subscriber having copies of these issues that he is willing to sell should 
communicate with Dr. Schiotz. 


Books 


Human Factors in Air Transportation. By Ross A. McFarland, Ph.D. Price, $13. Pp. 
830. McGraw-Hill Book Company, Inc., New York, 1953. 


As it is constituted today, the airplane is far more dependent upon human factors than any 
other form of transportation. With the railroad, the tracks, quite apart from the effects of 
signaling, limit to a marked degree the area of personal error, while both on the sea and in 
land transport at least there is always the possibility of stopping. The airplane is either flying 
or not flying, for there is no in-between step, and errors of judgment, whatever else they may 
be, will be three-dimensional. 

Improvements in the future doubtless will deprive the pilot of some of the responsibility 
which he now carries, but at the present time it is upon the pilot, his health (physical and 
mental), his intelligence, his skill, and perhaps to some extent his morals, that the safety of 
the passengers largely depends. 

Dr. McFarland has made the study of human behavior in relation to the problems of 
commercial flight peculiarly his own, and he brings to it years of study and research in this 
field. The result is encyclopedic in its treatment of the subject. In conjunction with the 
companion volume, “Human Factors in Air Transport Design,” there can hardly be a single 
subject in the present field of air transportation upon which the author has not found room 
for some piece of information. This book deals with subjects as diverse as the study of problem 
medical cases among flight personnel, comfort of passengers, sanitary control of airports, trans- 
port of medical patients by air, and survival and rescue in accidents. A whole section on the 
prevention of industrial accidents in ground operations offers information on what is a general 
industrial problem as applied to a particular industry. 

If there are criticisms, they are t!at the book is too complete and contains full material for 
several volumes and that the author is so generous in quoting source material that one misses 
his critical guidance in appraising the data cited. 

Illustrations, graphs, bibliography, and the like are uniformly excellent, but the publisher’s 


use of the double-column page is bothersome. Pup DRINKER 


CORRECTION 


In an article by P. W. Jacoe, “Occurrence cf Radon in Nonuranium Mines in Colorado,” 
published in the August, 1953, issue, page 118, Footnote 1 was cited in the form supplied in 
advance of publication of the reference. The published form of the article referred to is as 
follows: 

Tsivoglou, E. C.; Ayer, H. E., and Holaday, D. A.: Occurrence of Nonequilibrium 
Atmospheric Mixtures of Radon and Its Daughters, Nucleonics 2:40-45 (Sept.) 1953. 
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a specific use in 


almost every practice 


ADRENALIN 


Introduced to the medical profession by the Parke- 
Davis Research Laboratories in 1901, ADRENALIN 
(epinephrine, Parke-Davis) is one of the best known 
and most widely used of all drugs. Its value and versa- 
tility are indicated by its wide application— 


In Medicine, ADRENALIN is a standby for relieving 
asthmatic paroxysms. It is a specific in Adams-Stokes 
syndrome, and is of great value for protein shock, nitri- 
toid crises, serum sickness, urticaria, angioneurotic 
edema, and other allergic reactions. 


In Surgery, ADRENALIN is employed to prolong local 
anesthesia by delaying absorption of the anesthetic 
agent, and to control hemorrhage. 


In Obstetrics, ADRENALIN is used as a uterine relaxant. 


In Anesthesiology, ADRENALIN is used to overcome 
cardiac arrest. 


In Ophthalmology, ADRENALIN reduces intraocular 


pressure, vascular congestion, and conjunctival edema. ,pRENALIN is available as ADRENALIN Chlo- 


ride Solution 1:1000, ADRENALIN Chloride 
In Otolaryngology, ADRENALIN controls hemorrhage Solution 1:100, ADRENALIN In Oil 1:500, 
ADRENALIN Ointment 1:1000, ADRENALIN 

and provides prompt decongestion. 


Suppositories 1:1000, ADRENALIN Hypodermic 
Tablets 3/200 grain, and in a variety of other 
forms to meet medical and surgical requirements. 
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CA cNew Grip on Problems 
of Industrial CMedicine 


THROUGH A Journal Designed For Your Interests 


A.M.A. Archives of INDUSTRIAL HYGIENE and OCCUPATIONAL 


MEDICINE 


Edited by men of outstanding reputation in the fields 
of industrial health and preventive industrial hygiene: 
Prof. Philip Drinker, Boston, Chief Editor; Robert 
Kehoe, M.D., Cincinnati; James Sterner, M.D., 
Rochester, N. Y.; Frank Patty, Detroit, Mich.; 
Theodore Hatch, Pittsburgh; Frank Princi, M.D., 
Cincinnati; Fenn E. Poole, M.D., Glendale, Calif.; 
William A. Sawyer, Rochester, N. Y. 


Covering the research and field aspects of industrial 
hygiene and the clinical and medical aspects of occupa- 
tional industrial health programs. 


Merging the best features of Occupational Medicine 
and The Journal of Industrial Hygiene and Toxicology. 


Integrated closely with the activities of the Council 
of Industrial Health of the A. M. A. and the American 
Industrial Hygiene Association. 


A Better and More Useful Journal of Industrial Medicine! 


Such is the result which the Editorial Board of A. M. A. 
Archives of INDUSTRIAL HYGIENE and OCCUPA- 
TIONAL MEDICINE has achieved by combining parallel 
publications. 

To the thousands of physicians who are directly or indi- 
rectly concerned today with medicine in industry, the new 
journal will bring reports of the continuing and important 
developments in the field, with original articles covering prob- 
lems and day to day experiences i physicians in industry; an 
excellent abstracting service similar to that carried in the 
Journal of Industrial Hygiene and Toxicology; additional 
foreign journal abstracting; reviews. 


Whether servicing industrial firms, attending employees, 
applying to general practice some of the findings of industrial 
medicine, or merely watching this expanding field, you will 
want to receive this vital new periodical. 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn Street, Chicago 10 


Enter my subscription to A. M. A. Archives of INDUSTRIAL HYGIENE and OCCUPATIONAL MEDICINE to start with 
the next issue. Per year, $8.00 in U. S. (Canadian, $8.40; Foreign, $9.00). 


I enclose bill MC. 
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Pharmaceutical Division 


RESULTS COUNT!...in Superficial Fungous 
Infections especially DERMATOMYCOSIS PEDIS 


(Athlete's Foot) 


“= eSenex 


Ointment and powder of ZINCUNDECATE 
Solution of UNDECYLENIC ACID 


Cures average case in one to three weeks 


WALLACE & TIERNAN COMPANY, INC., Belleville 9, N. J., U.S.A. 


How to Save Your Eyes. 


Should Your Child Wear Glasses? 
ts. 


Whom Shall !| Consult About My Eyes? F. T. Jung. 


14 pages. 20 cents. 


Cleo Du Bois. 4 pages. 


J. Robert Burke. 


PAMPHLETS 


Vision 


Blindness. 
5 cents. 


Abram B. Bruner. 12 pages. 


Please remit with order 


AMERICAN MEDICAL ASSN. 
535 N. Dearborn St. 


BOOKLETS ON 
MENTAL HYGIENE 


EMOTIONAL HEALTH IN WORK 


MESMERISM MINUS MESMER. 
discussion of hypnotism. 5 


Stefan Zweig. 
cents. 


Isidore Margaretten. 


THE TYRANNY OF NERVES. Eoline Church Dubois. 


on mental 
hygiene that may prove of interest and 
use to you and your patients. 


AND PLAY. T. 


4 pages. 5 


SHOCK THERAPY SAVES MINDS. Harold Shryock. 


Keep a supply of these booklets on hand. 
lower cost for quantity 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Illinois 


this Coupon 


FOR YOUR FREE COPY OF 


lig htfoot 


Dean Farnsworth and Conrad Berens 


® Chicago 10 


+ + « Mo commercials — no sales chatter 
but a wealth of informative data that should prove 
invaluable to you and your company throughout 
the future. 


LIGHTFOOT SCHULTZ COMPANY |! 
663 FIFTH AVENUE, NEW YORK 22, N. Y. 


Send your free Question and Answer Soap Date 


\ 
S | 
PD-32 
i 
8 pages. 15 cents. Cataract. EE 15 cents. 
EYES— RIGHT! Audrey McKeever. 
10 cents. 
| HAND 
CLEANSERS 
R. Retlaw. 8 pages. 15 cents. 
ANSWERS TO THE | 
| 
NERVOUSNESS ABOUT SOAP : 
3 pages. 5 cents. 
5 pages. 5 cents. 
purchases. 


instant 
first aid for 


Your guide to 
medical articles 


snake bite 


Quarterly 
Cumulative 


Index Medicus 


When you want ready reference tc 
current medical literature on any sub- 
ject, the QUARTERLY CUMULA- 
TIVE INDEX MEDICUS is an able 
assistant. 


Authors and titles appear in the 
INDEX in one complete alphabetical 
compilation. The INDEX also includes 
a list of new books, alphabetized as to 
authors, followed by subject classifica- 
tion of the same material; list of pub- 
lishers and addresses; list of journals 
indexed, with addresses. 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS is published four 
times a year. Its references are always 
up to date. The July and January num- 
bers are bound in cloth for library use 
and are cumulative, containing all ref- 
erences for the preceding six months. 
These two volumes will serve as a 
permanent index to all current med- 


...the new and improved ical literature for the entire year. 
Saunders’ Snake Bite Kit, | subscription Price 


Canadian and foreign postage, $2.00 


When a poisonous snake strikes, suction must be applied im- 


mediately. Venom must be prevented from spreading through AMERICAN MEDICAL ASSOCIATION 


the body. The new, improved Saunders’ Snake Bite Kit provides ae 
instant first aid with the right kind of suction—controlled and 535 N. Dearborn Street : Chicago 10, Illinois 
increased as desired. Easily and quickly administered, by the Z 

victim alone if necessary. Kit provides everything needed 
for emergency first aid: tourniquet, lancet, ammonia inhalants, 


iodine swabs, adhesive bandages, Saunder’s venom- 
suction pump with two adapters. Write for data. = 


* Patented 


Mico pronounced EM-ESS-CO 
Medical Supply Company 


Rockford, Illinois - In Canada, it’s Safety Supply Co. 
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4 Impinger 
Nozzle 


| Sampling 
\ 


Stopper-Li = 


Nozzle 
Stopper- Small 


IMPINGER DUST SAMPLING APPARATUS Used by the U. S. Public Health Service, 
State and City Health Depts., Insurance Companies, Mines, Smelters and 
Manufacturing Plants for determining the quantity of dusts which may 
cause pulmonary fibrosis. Available with either electric or compressed 
air suction apparatus as illustrated. 


Willson Air Sampling Equipment 
Eliminates Guesswork! 


Approved apparatus developed by Willson detects 
the exact amount of dusts and vapors in the air your 
_ workers breathe. It establishes the degree of hazard 
surrounding various jobs. It makes it easy to deter- 
‘mine the essential respiratory protection needed to 
maintain better health and reduce lost man-hours 
in your plant. By being sure of the hazards that ex- 
ist, your safety program is made more effective. 


Make accurate —_ of 


Respiratory Hazards 


to improve your safety program 


CHLORINATED HYDROCARBON SAMPLING 
APPARATUS For use by chemists or engi- 
neers in Departments of Health, Industrial 
Hygiene, Insurance Companies, Chemical 
Industries, Degreasing Plants, etc., for the 
determination of the concentration of 
chlorinated hydrocarbon vapors, such as 
trichloroethylene, chlorinated naphtha- 
lenes, and chlorinated dipheny] in the air. 


Send for bulletin giving 
complete information 


LI 
WILLSON PRODUCTS, INC. 


GOGGLES + RESPIRATORS * GAS MASKS * HELMETS 
211 Washington Street, Reading, Pennsylvania 
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“The advantage of using 


a single agent for 
scrubbing the patient’s 


skin and the surgeon’s 
hands is evident.’”’ 


pHisoHex, routine 2 minute “surgical hand prep” 
in leading hospitals, is now used extensively for 
preoperative preparation of the patient’s skin. 
Rapid in action pHisoHex makes skin virtually sterile in most 
instances, not merely surgically clean. 


Long-acting pHisoHex inhibits bacterial growth for hours and 
days because it is adsorbed to skin. 


Safe and gentle pHisoHex is hypoallergenic, nonirritating; it con- 
tains no alkali, potash, fatty acids or coconut oils. 


wager (PHISODERM® WITH HEXACHLOROPHENE 3%) 


Continuous hand antisepsis is practically assured 
the surgeon who uses pHisoHex daily and ex- 
clusively. For office and home use pHisoHex is 
available in a 5 oz. refillable squeeze bottle. Also 
in pints and gallons. 


INC. NEW YORK 18,N.Y. © WINDSOR, ONT. 


. Artz, C. P., Pulaski, E. J.. and Shaeffer, J. R.: 
U. S. Armed Forces Med. Jour., 2: 819, May, 1951. 


PHISOHEX AND PHISODERM, TRADEMARKS REG. U.S. & CANADA 
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